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Preface 


In thn volume arc recorded ihe pipers of participants in a Symposium on 
the Psychology of Human Learning which was held at the University of 
Michigan, Ann Arbor, on January 31 and February 1, 1962 TTic sympo- 
sium, and a two-day meeting of the participants following the symposium, 
were sponsored by the Office of Naval Research under Contract Nonr- 
1224(3?) with the University of Michigan By agreement among the par- 
ticipants and for reasons that will become clear in a moment, the more 
descriptive title. Cat clones of Unman Learning, was selected for this col- 
lection of printed papers 

The division of the meeting of the participants into two parts— one 
public, and devoted to the presentation of prepared papers, and the other 
private, and devoted to issues raised in the papers as well as to some more 
general questions rchtwg to critical issues in the psychology of human 
learning— ivas n deliberate plan to spread the immediate stimulating 
effects or the prepared papers to graduate students and staffs at nearby 
colleges and universities as well as to those located at the University of 
Michigan Tins purpose was well served, and my only regret was (hat the 
announcements and invitations to the symposium were not spread through 
out a geographical area with a radius much greater than the one chosen 
Even so, some 90 graduate students and faculty members from 15 different 
colleges, universities, and research laboratories in Michigan (other than 
Ann Arbor) and in Ohio attended the symposium They represented ap- 
proximately 40 per cent of the audience at each symposium session The 
remainder of some 2 00 persons in the audience were from the University 
of Michigan 

While the announced title of the symposium was The Psychology of 
Human Learning, the fine print of the announcement specified that * The 
theme of the Symposium is the interrelationship of different categories of 
human learning, with emphasis on (a) the formulation of statements about 
the categories that reflect the sophisticated methodology of contemporary 
laboratory studies, and (6) the rclatedness of the different categories of 
human learning — whether in laboratory practice, in empirical generahza 
tions about orgamsmic or procedural variables, or in theory ’ This state 
ment of the theme was, of course, a synoptic statement of the purpose of 
the symposium and conference, as stated in the instructions to the partici 
pants 

The intent was to focus the attention of each of the seven principal 

V/l 
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pan, cl pants on the definitional and taxonomic issues that plague the psy- 
chology of human learning as well as the psychology of leaning i * general 
My reasons for beheving that such an effort was needed, and would be 
worthwhile, are developed m some detail m my concluding comments on 
the symposium (see Chap VIII) Suffice tt to say at this time that it seemed 
to me that these taxonomic issues should at least be faced as a pro egomena 
to any systematic organization of knowledge about human learning as we 
as to other ventures such as the topical breakdown of the science of human 
learning for the purpose of organizing a multi author handbook or the 
selection of particular 4 kinds” of human learning as the topics of special 
symposia 

It v.as not expected that the principal participants and their discussants 
would provide psychologists with a new taxonomy of human learning, with 
solutions to some of the perennial taxonomic problems of learning (e g , 
classical \s instrumental conditioning, concept learning vs problem solv- 
ing), or with persuasive evidence that our taxonomic problems are pheno- 
typic mirages readily dispelled by genotypic theory It was expected that 
the problems of coming to grips with these taxonomic issues would be 
clarified and that the conclusions, even the failures, of these experts in each 
of the selected 4 kinds” of human learning would form an explicit point of 
departure for further thought and research on this fundamental systematic 
problem in the psychology of human learning These expectations have, m 
my opinion, been realized For this I am deeply indebted to each of the 
participants, even though the earnestness of their endeavors to face the 
issues posed for them and the insightfulness of their contributions came as 
no surprise 

I am sure that some psychologists will wonder why the seven categories 
of human learning chosen for this symposium were not a different seven 
or were not eight, nine, or even more The seven were chosen because they 
seemed to represent the categories most commonly employed by investi- 
gators in thinking about and doing research on human learning and have 
become for this reason part of the traditional descriptive language of the 
science of human learning Admittedly, some of the categories might have 
been split into two categories, but this would have resulted m distribution of 
responsibility for considering the interrelations of the sub-categories Hind 
sight suggests that ,t would have been desirable to have a contribution on 
perceptual learning’ but Ibis was explicitly considered and rejected by 
me at the time the symposium was planned J 

As indicated above the symposium was followed by a two-day meeting 

dUn " E ,hcy CO " l '"“' d th - I'—s oTlhe 

mmu wh= re 10 P'*** their argu- 

m nts where the expos, t, on could be clanCed or the rssues could be more 
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* h «rb* drawn # cw. The papers that arc printed in this volume reflect in 
many instances the sharpening effect of these discussions, because authors 
were encouraged to submit for publication a revision of the papers actually 
presented at the symposium if such revision better reflected their final 
positions with respect to the issues involved. 

Another function of the post-symposium meeting was to consider the 
question of possible topics for subsequent symposia in the general area of 
human learning. In the first place, the concensus of the group was that 
symposia that stressed, or at least explicitly included, the definitional and 
taxonomic issues of the present symposium were needed for the improve- 
ment of communication among psychologists interested in human learning. 
This is not to say that another symposium of the same breadth of concern 
for the interrelations between "types*’ of learning as the present one should 
be held, but rather that the interrelatedness of one type of learning and 
every other — at least to some degree, or in some sub-classes of a category 
— should be recognized in structuring the special category-oriented sympo- 
sia. For example, n symposium on “concept formation and utilization” 
should have someone svho foots at the problem from the point of view of 
research on "voluntary instructed conditioning ,” from the point of view 
of rote learning, from the point of view of theories of skill learning, from 
the point of view of theories of short-term memory, etc. Similarly, a sym- 
posium on probability learning should have participants who look at that 
problem from the point of view of rote learning, short-term memory, con- 
cept learning, problem solving, etc. Of course, this is what some investi- 
gators do when they perform "transition experiments” (Underwood, p. 49), 
and this is what some theorists do. Cut the largely artificial boundaries 
between the "kinds" of learning, and the not so artificial limitations of the 
detailed knowledge of the literature about these various “types” of learning 
among specialists in each type, need to be forcibly bridged in the interests 
of promoting more comprehensive understanding of the interrelations of 
forms of human learning. 

When the group turned to consideration of the most promising topics 
for the advancement of our understanding of human learning and the inter- 
relations of types of learning, it was generally agreed that three topics 
deserved priority, although among these three there was no agreed-upon 
priority and none was thought necessary. First, there seemed to be a need 
for a full-scale consideration of the varieties of learning properly described 
as “conditioning.” This should include animal conditioning as well as 
human conditioning because (o) the operations of classical, instrumental, 
and operant conditioning are those most readily applicable across different 
kinds of organisms, and ( b ) the consistency and continuity of definitional 
and taxonomic issues across classes of organisms is so essential to the 
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proper grounding of the science of human learning in the more general 
science of organisnuc behavior In addition to including definitional and 
interrelatedness analyses of what may be described as the basic categories 
of conditioned response learning, one of the important classes of contri- 
butions needed in this symposium was thought to be the systematic coverage 
of attempts to apply the conditioning paradigm or to test for some of the 
principal phenomena of conditioned response learning (e g , experimental 
extinction, spontaneous recovery, partial reinforcement effects, CS-UCS 
temporal relations) in other categories of human learning Important among 
these other categories would be rote verbal learning and memory, probabil- 
ity learning, concept learning, and the establishment of mental sets in a 
wide vanety of human tasks involving the establishment of new perform- 
ance capabilmes or the utilization of previously established capabilities 
The selection of “conditioning” for such emphasis reflected a conviction 
(not necessarily unanimous nor of the same strength in all participants) 
that the concepts, operations, and phenomena of conditioning represent at 
least one of the major anchors for a systematic description of the varieties 
of human learning 

The second topic thought to be deserving of special emphasis was that 
of second-order habits (concepts, rules, sets) in all forms of human learn- 
ing— their dcsclopment (and loss) and utilization It seemed clear from the 


papers presented m the symposium that all 4 kinds” of human learning 
v.erc subject to the influence of such factors and that one of the possibly 
important sources of overlap and similarity of effects of independent vari- 
ables m the varieties of human learning might well be their common in- 
volvement of these “second order” habits It was thought that here, for 
sure, would be a topic that required the participation of psychologists 
primarily concerned with perceptual learning, as well as with the other 
categories of human learning represented m the symposium 
rrnrrU!"'™ 01 ”' t t' ou E ht d «'™ng of emphasis was that of mediating 
of P “ , m ° E n, ' dlatln S processes occurred in the discussion 

°Z2,Ti°2 °? Uraan '' ar ™S <l>ere seems to be no agreed- 

S,“ l ' or P° 5 ‘“ 1 *“ig mediating processes, no clear-cut set of 
Il cSrI"a rnt,l “ n8 pr0C ' SSCS ’ “ d "° <“°n°my of media- 
lly ^et“"l d P =sennZt t" S ,F ,0CeS5 ' S 25 »“”» •■> be the case, our 
postulate of med,atin S process y es n « t 'se '’'i’™ 2 " ,eamin S requires the 
most significant contnbmLs to the d , ° lhe S r0 “P *at one of the 

p ™’ and 10 

pi were not the only ones discussed, but they reflect 
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adequate!) the flavor of ihc thinking of the group about the problems that 
must be faced in an) attempt to put some greater orderliness into the con- 
ceptual framework of the psycholog) of human learning 

In addition to m) enduring indebtedness to a!! of the participants in this 
symposium for their contributions and for the supportativc attitudes they 
expressed with respect to the purposes of the venture, I also ha\e two fur- 
ther obligations to express The first is to Dr D D Smith, then Chief of 
the Personnel and Training Branch of the OlTtcc of Nasal Research, who 
dogged m) tracks for some months m an effort to persuade me to take 
on the responsibilit) for arranging a s)mposium on some problem in the 
area of human learning, and who, when I finally succumbed, gave com 
plcte support to the idea of having a symposium on the problem of the 
interrelatedness of different categories of human learning Without his 
persistent encouragement 1 would not have entered into the venture, and 
I would have been denied the satisfaction that comes from seeing a prob- 
lem of enduring concern to me so ably and interestingly handled by one 
and all 

I, and all members of the symposium, are also indebted to Miss Fran 
ces A lit!!, who served \oluntanIy as sccrctar) of the group during the 
two days of the conference follow me the symposium and provided me with 
an effective summary of (he discussion and conclusions She also prepared 
the subject index for this book 


December, 1963 


Arthur W Meltov 
The Vrnersity of Michigan 
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Classical and Operant Conditioning 

DAVID A. GRANT 

Vnmmix of II itronsfn 


All the topics of this sjmposium deal with learning in the sense that they 
deal with the establishment and strengthening of S-— R connections or as- 
sociations ft is quite appropriate to start such a discussion or symposium 
with classical and operant conditioning for tno reasons Hrst there is some 
historical priority, and second, in classical and operant conditioning there 
are probably fewer S — R connections involved so that these experiments 
arc, in a sense, simpler than most of the studies of human learning At the 
same time, w « must note that no S — R connections exist in isolation, each 
is embedded in a complex matrix of behavior in any experiment, and when 
we isolate a particular S — R connection for logical consideration we can 
never realty isolate it from its matrix And although we may consider condi- 
tioning to be simpler than most human learning in (act, there appear to be 
all sorts of processes associated with these apparently simple experiments 
which male their phenomena quite complicated Indeed, so highly ef- 
ficient and developed arc the verbal capacities of our human subjects ( Ss ) 
that some of the fairty complicated forms of human learning m which verbal 
functioning is especially involved actually seem to give us simpler behavior, 
or at least behavior which is more regular, less variable, than that found m 
our typical conditioning experiments Also human learning occurs more 
readily and more rapidly in some experiments that tap verbal functioning 
than in experiments that do not For example a simple discrimination and 
discrimination reversal utilizing verbal responding occurs almost immedi 
atcly and with almost perfect accuracy, whereas if the same experiment is 
done, requiring a differential conditioned ejehd response of the human S, 
both the initial differentia! conditioning and the subsequent reversal are 
much slower, much less perfect, and “contaminated ’ with other complexi- 
ties which will not be apparent when the verbal response is used (Clark, 
Grant, & Levy, 1963) 

The scheme of this paper is as follows first, I shall present a way of 
classifying classical conditioning experiments into four subclasses The four 
subclasses involve, successively less and less motivation from extrinsic 
sources and more and more dependence upon the conditioned stimulus 
I 



2 


David A Grant 


(CS) and unconditioned stimulus (UCS) alone Second, a tndm.ens;°nal 
classification of operant or instrumental experiments is outbned that de 
pends upon cues, nature of the reinforcement, and nature of the respons 
demanded of the S The two sets of subclassifications are necessarily opera- 
tional and incompletely operational at that, rather than functional, so that 
the third section of the paper points out some of the further operations and 
functional relations that set limits to the operational classification Up to 
this point I shall not have distinguished sharply between human and 
animal conditioning Then in the fourth section I shall discuss briefly human 
classical and operant condiuomng, both the simple forms and more com- 
plex varieties that parallel m some respects the basic vaneties of human 
learning that form the subject matter of this symposium Considerations 
noted here lead to the fifth section which presents some general conclusions 
about our work on human learning, some of its complexities, and some of 
the interrelationships between different forms of human learning So we 
turn, then, to the classification of conditioning experiments 

Although early workers did not make the distinction, it has proved use- 
ful for over twenty years to separate conditioning experiments into two 
broad classes classical and instrumental condiUonmg The Pavlovian ex- 
periment in which dogs learned to salivate to a previously neutral stimulus 
which had been paired repeatedly with food presentations has been taken 
to be the prototype of classical conditioning Likewise the Thomdikian 
experiment in which hungry cats learned to manipulate latches, etc in 
order to escape from a puzzle box and obtain food has been the prototype 
for instrumental conditioning or learning The Skinnerian lever pressing by 
rats in order to obtain food is also frequently given as the prototype for 
instrumental conditioning, but the free operant presents special problems, 
so that it may be best to consider it as a class by itself 

Attempts to distinguish between classical and instrumental learning m 
terms of what is learned and how it is learned break down under careful 
analysis, and psychologists have resorted to operational definitions to sepa- 
rates tV>0ClaSSeS ° f C0nd,tl0nin g experiments Thus Kimble (1961, p 44) 

d “ ,lcal ■ nd -“nmaul conditioning procc 

hanor In ” * “ independent of the subjects be 

are nude to occur at • rn™, mm % ^ contrast rewards and punishments 
respond M of the learners response or failure to 

itSHir qU, Y'"' bUt SOm = P rc “‘°" ™y be gamed by 

S conditioning the mnifaW,^ 0 E reward or 
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punishment Is conlmjcnl upon the S"s behavior whereas in classical condi- 
tjottug il is no: 

Uitfttn the broad framework provided by these definitions the originality 
of numerous experimenters has led to tremendous variations in procedures 
In <omc instances these sanations m procedure tax the ingenuity of anyone 
attempting to classify the kind of learning involved Nevertheless valuable 
classificatory schemes have been provided by Hdgard and Marquis (1940), 
Honors kt (194K), Rszrrn (1961a, 1961b), and Kimble (1961) Kimble’s 
revision of the Hilgard and Marquis classic senes as an admirable point 
of departure from which to elaborate subclassifications of classical and 
instrumental conditioning 


Subclasses of Classical and Instrumental Conditioning 
Subclasses of Classical Conditioning 

In some respects subclassification of classical conditioning poses more 
problems than subclassification of instrumental conditioning Nevertheless 
it will be useful to distinguish between four different kinds of classical 
conditioning These will be designated Pavlovian A, Pavlovian B, Antici- 
patory Instructed, and Sensory Preconditioning Although S's responses 
and indeed his learning may be very similar in these four subclasses of 
classical conditioning the experimenter s operations are quite distinct 
Paslouan A conditioning — This kind of conditioning is exemplified by 
the prototype of classical conditioning In the original Pavlovian experi- 
ment the sound of a bell was repeatedly presented shortly before food was 
giv cn the dog Originally the sound of the bell elicited orientation reactions 
such as looking toward the sound source and pricking up the ears When 
the food was presented it was ingested, eliciting the usual alimentary re 
flexes including buccal salivation After repeated paired presentations of 
bell and food the sound of the bell came to evoke salivation and onenta 
tion movements toward the feeding cups (Pavlov, 1927, p 22) These ar- 
rangements are diagrammed in Fig 1 The sound of the bell is called the 


— 0R m 


^“-Orientation 

UCS ■ - - - ingestion 

(rooo} ^Scllvofion fCR) 

Fjo 1 Diagram for Pavlovian A classical condmoning Pavlov selected salivation 
a single component of the complex of responses forming the UCR for study For 
lions of the complex e g ingestion ere absent in the CR The CS has a sig nah g 
function Performance of the UCR and subsequent conditioning are dependent upon 
food deprivation 
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conditioned stimulus (CS), the response to the bell is called thc onenUng 
Te flex (OR), the food is called the unconditioned stimulus (UCS) J™ 
ingestion and sahvation, etc , are called the unconditioned response (UCR) 
Note that buccal stimulation by the UCS requires ingestion, an instruments! 
act by S The new functional or learned connection is called the condi- 


tioned response (CR) 

In this experiment many events occurred which Pavlov did not choose 
to measure In the complex of responses to the UCS Pavlov chose to record 
only salivation in most of his experiments Approach and ingestion were 
certainly responses to the UCS (food) and also could be noted in the CR 
But it is noteworthy that the CR did not mclude approach to and attempts 
to feed upon the bell or other source of the CS (Zener, 1937) The ap- 
proach and onentation movements were directed to the food source These 
facts indicate that the CS does not substitute for the UCS as is so fre- 


quently stated Pavlov states that the CS serves as a signal that the food 
is about to be presented This position is also taken by Schlosberg (Kimble, 
1961, p 99) and seems to be a more accurate way of designating the func- 
tion of the CS 


An important feature of Pavlovian A condiUonmg is the consummatory 
response, in this case, ingestion of the food Although Pavlov s dogs had 
doubtless formed pre-expenmental conditioned salivary responses to the 
sight and odor of food they did, in fact, ingest the food m his experiments, 
and they were brought to the experimental situation after some hours of 
food deprivation It is known that conditioned salivary responses are hard 
to form in animals that are not hungry and, if formed, are hard to elicit 
from a sauated dog It follows then that results of Pavlovian A condition- 


ing must alwajs be related to the motivational state of the organism during 
acquisition and testing of the CR 

PmlouanB conditioning —This subclass of classical conditioning could 
vkdl be called Watsoman condiUonmg after the Watson and Rnyner (1920) 
experiment condiUonmg fear responses in Albert, but Pavlov has priority 
, c ' clcrcncc experiment for Pavlovian B conditioning might be that » 
hich an animal is given repeated mjecuons of morphine The UCR to 
Then f " lusca ' P 10 '”* secreUon of saliva, vomtUng, and 

show rev™ o CCP ^ " ICpCa " d daily m J EC "ons Pavlov's dogs would 
eZimenrer tpl? TOr “"’" ot « the first touch of the 

stimulation bv th- lies ' Pavlovian B condiUonmg 

henee ftere u n °' OT ” m S enl ° n -“"-.mental acts, and 

and the CS anrjears . CnCe U ^° n ^ motlva Uonal state of the organism, 
the 'ua^icST “ PL mal “tatt-tc for the UCS Furthermore, 

Paskman A conditioning ihc ore" 1 PaVl ° V,a ” B conditioning whereas in 
mg the organism emits the UCR of approaching 
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and incciimj llic food A!ihou £ h PaOowan B conclmomng maj be less 
affected by the motivational state of the organism the experimenter cannot 
iporc the presence of concurrent antagonistic responses Tor example 
V»itvm and Ravner (1920) reported that the) could not evoke con 
dittoned fear responses as long as Albert had his thumb in his mouth 
That the organism Jcirns instrumental nets outside the paradigm for 
Pa\ Iowan I) conditioning is indicated by the fact that Albert evidently 
learned to put his thumb in his mouth when a frightening stimulus was 
presented Phenomena of this sort have not been investigated to any great 
extent but it is obvious that ignoring them can lead to some confusion in 
comparing results in different experiments 
The diagram for Pavlovian D classical conditioning is shown m Fig 2 


cs-t 

i »«tet c?*'*. 

ON) ' 


»c niter c*i 


Solivot on\ 
Nausea VUCR 
Emesis J 


Tio 2 Digram for Pavfovian B classical cond tloning The CS subst tutes to a 
great extent for the UCS producing most if not all of the UCR Cond uomog and 
performance arc relatively Independent of motivat on but probably dependent upon 
concurrent antagonistic responses eg feeding 


The CS constitutes the preparations for the injection and insertion of the 
needle There wilt originally be an OR to the CS The UCS is the morphine 
injection itself a very complex physiological stimulus The UCR consists 
of salivation nausea vomiting and other physiological changes Many of 
these arc readily seen as components of the CR which will be evoked by the 
preparations for the injection after repeated daily morphine injections A 
great deal of interoceptive conditioning (Bykov, 1957 Razran 1961b) 
and autonomic conditioning (Kimble 1961) apparently follows the Pav 
lovian B paradigm 

Anticipatory instructed conditioning — Following Ivanov Smolensky 
(1933) many Russian investigators have formed what they, quite legit* 
malely, I think, call CRs based upon the voluntary squeezing of a rubber 
bulb in response to a sound stimulus The sound stimulus is preceded 
regularly by a light or some other neutral stimulus and the Ss will learn to 
respond to the neutral stimulus In effect it is a reaction time experiment 
with a constant fore period signaled by the onset of the CS Some will 
doubtless balk at calling this conditioning It is however similar to trans 
femng stimulus control of an operant from one S D to another S D An excel 
lent reference experiment for anticipatory instructed conditioning is the 
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establishment of conditioned eyelid responses based on voluntary reinforce- 
ment by Marquis and Porter (1939) The diagram for Anticipatory In- 
structed Conditioning is shown m Fig 3 The CS was a change in lUumina- 


CS^ 

ILUJMNA ^ 

T10N CHANGE) -£ R 


0R CS 


ucs- 

ISOONOl 


*** ^“ VOLUNTARY* 
RESPONSE (IN 
5TRUCTED BUNK) 


Fio 3 Diagram for Anticipatory Instructed Conditioning The CR appears as an 
anticipatory blink before the sound (UCS) Marquis and Porter (1939) found best 
conditioning when the instructions were to blink, quickly and when the CS was suffi 
ciently peripheral to attract little attention 


tion The Ss were instructed to blink as rapidly as possible when they heard 
a sound With a weak peripheral CS 6 out of 10 Ss gave 59% to 92% 
anticipatory eyelid responses in 50 paired presentations of the light and 
sound The Ss were unable to verbalize the relationship between the change 
in illumination and the other stimuli of the experiment Generally speaking, 
extinction w r as quite rapid following Marquis and Porter’s procedures It 
should be noted that of the 4 Ss who failed to show appreciable condition 
mg 2 spontaneously described their attempts to inhibit blinking to the light, 
whereas the other 2, although they did not verbalize an inhibitory attitude, 
showed long reaction times The form of the resulting CR was quite differ 
ent from that obtained using the reflex wmk to an air puff as the UCR This 
eyelid CR closely resembled the voluntary response described by Spence 
and his co-workers (Spence & Taylor, 1951, Spence & Ross, 1959), ie, 
Uie response was a complete closure with rapid recruitment and prolonged 


Although Russian investigators have utilized this CR a great deal and 
w C n .^T £:itC t d Its characteristics extensively (The Israel Program for 
S 1 ' auon \ 19 , 60 > «"* investigations are not well taown tn 

nenS^L 'f? '"V* has bcen *>"' kind of expen- 

ST ( mot V ,h CV , ■ tTOm *= rE P° rt 0[ Mnrquts and 

suma u arran *e„, T * » heavily dependent upon 

stimulus arrangements instructions, and atutude of the S 

set reaction ^The T" 10 ' 11 COnd,l,omn 5 *e CS appears to tngger a pre 
ready Cal ^ * ™ Wcd “ *= to the 

maj signal the occurrence S^lJCsT ** “T S ap P arent ^ ^ 

upon idiosyncrasies of the S may , SubsUtute for rt > Spending 

j crasies or the S The sequence of events m the conditioning 
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situation will therefore depend upon the 5*$ interpretation of the ETs instruc- 
tions and the S' 5 own self instruction With peripheral, scarcely noticed, 
conditioned stimuli and delicate time relations in the response, the S may 
be unaware of the fact that he is responding to the ' wrong" stimulus In 
the event that the 5 does not know that he has responded to the CS he may 
presumably interpret this as a "correct ' or an ‘ incorrect" response on his 
part Properly instructed and properly motivated he wall presumably try 
to increase ‘correct" responses and decrease ‘incorrect responses In 
anticipatory instructed conditioning the definition of ‘correct” and ‘incor- 
rect” are usually left ambiguous, the C is at the mercy of the S*s self- 
mstructions 

Interpretation of instructions is important in other conditioning and 
learning experiments where the 5 believes that his responses arc “volun 
tary *’ This can account for some o! the anomalies found m hand-with- 
drawal conditioning It is amusing but also instructive to go back to some 
of the earlier reports of hand withdrawal conditioning when extensive 
verbal reports were taken from the 5s (c g , Hamel, 1919, Schilder, 1929) 
Here we find some 5s who had to fight themselves to keep their hands down 
on the shocking grid in order not to spoil the E's results, whereas other 5s, 
as soon as they understood the relationship between the CS and the shock, 
withdrew their hands immediately, for to do otherwise would have been 
ridiculous to them In sum, the care with which instructions are given 
human 5s in conditioning experiments can scarcely be overemphasized 
Leaving matters up to the 5 results in experiments where no two 5s give 
the same sort of responses The results arc more likely to be confusing 
than enlightening The enforced brevity of current reporting of psychological 
experiments puts a heavy but legitimate burden on the E It is his respon- 
sibility to get his experiment under control 

Sensory preconditioning —A fourth subclass of classical conditioning 
is well represented by the sensory preconditioning experiment of Brogden 
(1939) This is diagrammed tn Fig 4 In the preconditioning phase there 


-OR, CS,^ 


^0R 2 UC& 


(Si Wn * ishoc*i tt«e 

pkecono r cew> T 0" NS phase 

PHASE PHASE 

Fio A Diagram for Sensory Preconditioning The preconditioning 
sufficient substitution potential between C& and CS. so tha “ base 
mil evoke the CR previously conditioned to CS. only in conditioning phase 
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were 200 paired presentations of two conditioned stimuli During the 
conditioning phase, 20 daily, paired presentations of one CSwith ^sho 
to the left forelimb were presented until the criterion of 100% CRs . vn 
reached Then, m the testing phase, the other CS was presented 20 trials 
per day until the forehmb flexion response disappeared Eight out ot au 
dogs produced forehmb flexion to the second CS in the testing phase ana 
required from one to seven days to extinguish the response to the second 
stimulus The preconditioning produced effective stimulus substitution and 
is of considerable theoretical interest because of the motivational features 
or lack of them in the experiment It is by no means certam whether the 
prccondiuomng is S — S conditioning or S — R conditioning with chaining 
through the ORs to the two conditioned stimuli The CS-UCS interval in 
the conditioning phase was 2 sec which is quite adequate for chaining 
as has been demonstrated by Wickens and his co workers (e g , Wickens, 
1959) There is evidently a good deal of published Russian research on 
sensory preconditioning which they call associative conditioning (cf 
Razran, 1961b) 


Some of the American work on sensory preconditioning has not been as 
successful as the original Brogden experiment (cf Seidel, 1959) It is 
interesting in view of Wicken’s results on compound conditioning (e g , 
Wickens, 1959) to conjecture that if the CS 2 preceded the CSi m the 
preconditioning phase then more preconditioning would be demonstrated 
in the testing phase of the sensory preconditioning experiment Although a 
good deal of sporadic work has been done on compound and chained con- 
diuonmg, both in this country and in Russia (cf references listed by 
Wickens, 1959, Razran, 1961b), the events and interpretations in the more 
complicated experiments ha\e not been worked out in any great detail 


SubcJattfj of Instrumental Conditioning Experiments 

In an instrumental conditioning experiment, contingent upon the S’s 
responses, other stimuli are made available to him, and the Fs interaction 
with these stimuli is the basis for the change in rate of emission of the 
original response Skinner (1937) has diagrammed the instrumental learn- 
ing situation as shown in Fig 5 The subject emits a response, R», to un- 


ouS, Wrf , ^S^i , “”r 5 .« 0rd “ E ,0 Slm "' r (1937 > ' n >' presumably 
itnn.li S„ are made e 'espouse iu, contingent upon which 

men. Learning is dependent upon - c ° m P’" constitutes the reinforce 

raj ot mu,™ ot o; J^ R * ,S ' conungency and la reflected 10 the 



y 
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Lnoivn stimuli, s Contingent upon the performance of R. other stimuli, S, 
ere made nibble to the subject The S, end responses to S,, (RO. con 
stitute the rc.nforcement Learning ts dependent upon the V -+S . con 
tmgcnc) end lends to en tnereve tn the rate or probability of emission 

,h m P clTs,m P re’r-d, E m of Hg 5 edmus to many variations ,n 

training In further discussion it "*H ^ . a s a first step, the 

- *• 

training — The referenee cxf-Jor 
well be the free operant conditioning ta a small lescr which 

which n rat Is placed tn a soundproo )n a ,j e i,icry cup 

when pressed, automatically deposite ?* , on his rate of lever pressing 
After i hungry rat has been placed ,n this situation ms 

will usually increase until It reaches “ s J mcnt for escape training was 
Escape training — A good rcfercnc P RatJ wcre placed on a 
carried out by Sheffield and Tcmm " ( . haIf „f the runway con- 
chargcd grill in an enclosed , , h( , ot ], cr half was smooth, pro 

.isted of the charged grill and dcor m between to 

vidmg a • sale’ escape “mpahmen t(|C sa[e co mpartmeat was 

present retracing Speed of locomo 

used as the response measure scrV c operationafly to define 

Reward and escape training F** dlU ., (1933) definition of sat 
reward and punishment To paral „,n not avoid a reward and 

isfy.ng and annoying states of altars, A uais hment involves a state 

iss - — - - 

‘'^soiihmce conditioning ^^i^^^^j'^refcrence^apenmentfor^o^ 
preconditioning experiment cau se , on an electro e 

anec conditioning The left fof? ” “° oa °® f a 2 sec CS On the i first 
is electrically charged upon hc ^“' °, um c Eventually a condn.oned 
few trials the dog will w and lifting the ferehmb from 

anticipatory response involving g8 
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forcement When these three independent ways of dividing the subclasses 
of instrumental conditioning are simultaneously applied the results are as 
shown in the first six lines of Table 1 Each of the six varieties of instru- 
mental conditioning fits neatly and unambiguously into a line of the table, 
dependent upon whether there is a cue to the reinforcement, the positive 
or negative nature of the response, and the nature of the remforcement 


TABLE 1 


A Classification of Types of Instrumental 
Learning Experiments 


Instrumental types 

Cue to impending 
reinforcement 

Response 

Reinforcement 

Reward Training 

No 

PostUve 

Reward 

Escape Training 

No 

Positive 

Punishment 

Avoidance Conditioning 

Yes 

Positive 

Punishment 

Discriminated Operant 

Yes 


Reward 

Omission Training 
Punishment (or Passive 

No 

Negative 

Reward 

Avoidance Conditioning) 
Discriminated Omission 

No 

Negative 

Punishment 

Training 

Discriminated Punishment 

Yes 

Negative 

Reward 

Training 

Yes 

Negative 

Punishment 


Arrangement of the six types of instrumental conditioning into such a 
tridimensional scheme pays an interesting dividend It will be noted that 
independent combinations oE two possibdmes as to the cue for rcmforce- 
” e °V!',°u P05 J*"” “ t0 the “P 0 " 5 '. and two possibilities as to the 
enee^™f o", yield ' l0 '^- ei S ht P°*ible experimental refer- 

°°' y s “ wcra de “"bed by Kimble It ,s mstmctive to fill out 

plausible experaenu ,ab ' 5 and ,0 see d ^ «P resent 

resMnsru. t oot C ,“ nmmCn ? ° f m given and the learned 

«^ave the se v rl a i n0rm r Z. perf0rmcd act 111 ord « >0 obtain a reward 
nat'd Omission Tramm l Lj?'® Wh ' ch has be “ d «‘gnated Discmru- 

ment, and the appropriate icsn^V E ‘ Ven ,0 tia 'muunence of reinforce 
performed act in order to nvJd ls om,!slon or inhibition or a normally 
table which has tatoS? 4 " ha - ««= eighth fme of the 
my knowledge, psscholonsis h, Dacnm,maed Punishment Training To 
mallj, bu, the sSat^"' rf °™; d «b«= experiments for 
commonplace in real lrf* ™ 1116 paradigm seems to occur as a 

criminated omission training is represented 
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by the remark of the c)nic that men seek the appearance of virtue rather 
than urtue itself Suppose, for example, that a parent agrees with his 
daughter to reward her with monc), a watch, or some other valuable con 
sidcration if she stops smoking drinking sweanng or some such behavior 
The \oung lad), who ma) be maintaining her behavior at a high operant 
In c ], may Interpret this bargain to mean that the undesirable behavior must 
not occur at times or in places where the parent may Icam of it The result 
may be a well-discriminated omission of the behavior in the presence of 
the parent or libel) informants of the parent 

Discriminated punishment training is easily exemplified by one s col 
Icacues who may have colorful or exen lund speech in informal social con 
tacts but whose undergraduate lectures arc models of propriety The 
cynical expression is, "Avoid the appearance of ext! Training anmnls U) 
desist from undesirable behaxior is a rich field of examples for disenm 
nated punishment training I have had the personal 1 ) unrewardingexpen^ 

fumimm The carefully ™ ntettdwlmns P'^dure usually ■consists of 

3— «MSSSSsa« 

liMS i — 

the room to sec if I am com “ , £ . th . i earn ine patterns in dis 

In spile of the practical impo punls hment training these 

criminated omission training a , b „ psychologists To some 

experiments seem to have hi been earned out by SUnner and 

extent discriminated omission trai g rewarded for a low operant 

his associates in DRL schrf “ b VL m endous dixersification of mstrumentaf 
rate Ncxerthclcss, in xicxv of the tre not t0 find any readily at 

learning experiments it is sarac ’'J“ t ^ sc S em well worth investigating 
hand which conform to these patterns > 0 oied as the ideal scheme 

This particular classificatory ,£ bc serviceable and rela 

or even a complete scheme I . which instrumental conditioning 

lively unambiguous as a framexvor . bc more desirable to clas 

experiments may be placed 11 "° f u ^j am ental psychological operaUons 
sify the experiments in terms of m ^ T]cw 0 f the variety and com 

involved It will he shown, moreover, m measurement of 

plexity of experimental arrangement andte hm beginning 

responses that the classification given above p 
of a lengthy and difficult task 
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electrode will occur before the shock is given Finally, a regular, precise, 
and adaptive flexion of the forelimb will occur shortly before the electrode 
is charged At this stage of learning the dog will rarely receive a shock, and 
conditioned flexion will be maintained with a very small number of rein- 


forcements , 

Discriminated operant conditioning — It is useful to differentiate dis- 
criminated operant conditioning from reward training or simple operant 
conditioning The reference experiment is a slight elaboration of the experi- 
ment for reward training An additional stimulus source is added to the 
rat’s box, say an electnc lamp Pellets are delivered by the apparatus when 
the lever is depressed if, and only if, the lamp is lit The rat soon learns to 
depress the lever only when the lamp is lit, and not to depress the lever 
when the lamp is not lit The operant is said to come under stimulus con- 
trol, and the differential stimulus, the light, is designated by Skinner as S D 
By cicser arrangements of the contingencies between reinforcers and dis- 
criminatory stimuli, all sorts of remarkable behavior may be obtained 
(Ferster & Skinner, 1957) 

Omtssion training — A reference experiment for omission training is 
that of Konorski (1948, p 226ff) A classical salivary CR to the sound of 
the metronome was occasionally evoked m combination with passive flexion 
of the dog’s leg by the experimenter, and this combination of stimulation 
was ncter reinforced with food Very soon, it was found that concurrent 
raising of the leg with the sound of the metronome resulted in inhibition of 
the salivary flow In addition to this, at about the same time the animal 
began to resist the passive flexion of the leg by actively extending it Finally 
the extension movement became quite strong so that it could easily be 
recorded by means of a treadle arrangement The dog had learned not only 
to a\oid the flexion movement associated with non reward but to make the 
antagonistic response For purposes of this discussion the antagonistic 
response need not be overt The situation roughly parallels that of reward 
ing a child when he restrains himself from some specified aggressive or 
dcstmctisc activity, but the use of rewards to make non verbal animals onut 
responses is likely to prove difficult without Konorski’s "tutoring” pro- 


Punishment teaming or pasme mo, dance —Another form of rnstru- 
m-mal conditioning .hut Kimble demed from Konorskt's valuable book 
traimn S The neat procedure used by McCleary (1961) 
oartmeru £ ' " CnC ° c *P cnm ™ Hungry cats, placed in a two-com- 

S “?”? 10 fccd ,n lhc SCCOTd compartment whenever 

\ ? rascd Af,er tram| ug had brought the 
feeding respome to a htgh probabthty level the cat was shocked as ,t started 
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to feed After two such shocks McCleary found that normal cats would no 
longer feed or even approach the door of die feeding compartment when 
the door opened Tins passive avoidance was maintained in spite of several 
days of food deprivation 

A Claxstfiattory Sri eme 

In spite of the ingenuity of experimenting psychologists most instrumental 
conditioning experiments can be fitted into the six catcgoncs previously 
described Tven so, there arc numerous variations tn procedure which will 
continue to defy any simple classificatoiy schema that may be proposed 
Tlic problem still remains of trying to work out the relationships among the 
six categories chat have been outlined Perhaps the most frustrating efforts 
to interrelate these subclasses of instrumental learning will be attempts 
based on what is learned Here the intentions and observations of the E, 
the prctralmng of the S, the specific kinds of rewards and punishments, the 
rate of satiation, etc , all interact to produce a bewildering sequence of 
behavior, some classically conditioned, some mstrumcntally conditioned, 
most of which is Ignored by the psychologist who has done the experiment 
It turns out, however, that the different forms of instrumental condi 
tionlng do have a very simple tridimensional relationship if they are viewed 
in terms of £Ts operations and the response reinforcement contingencies 
first of a!!, ft will be noted that in some experiments rewards are used and 
in other experiments punishments arc used Typically the learned response 
involves attaining the reward or avoiding the punishment Thus reward 
training, discriminated operant conditioning and omission training all in 
volve reward as the reinforcement Escape training avoidance conditioning, 
and passive avoidance all involve punishment Furthermore, the expen 
ments can be dichotomized in terms of whether the response o e 
is the performance of a positive response or the om.ssion or inhibition^ a 
response which already had an operant strength greater than zero Thus 
reward training, escape training, avoidance conditioning and discriminated 
operant condemning all involve the performance of a positive response > in 
order to attain the reward or to escape the punishment Omission t aming 
and passive avoidance conditioning both involve omission or ™“ion of 
a response in order to achieve the reward or to avoid 
Finally, the experiments can be dichotomized in terms of whether or not a 
cue is given as to the time that the reinforcement wi e avai a 
avoidance conditioning and discriminated operant con 1 10ni S 
available when the punishment or reward, respectively is about jo he 
presented In reward training, escape traimng, omission training and pas 
sive avoidance there is no special S° or cue to the imminence of the rein 
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Special Problems of Equivalence of Stimuli, Responses, and 
Reinforcement in a Classificatory Scheme 

Ideally a classificatory scheme for conditioning and learning ought to 
separate the different kinds of experiments mto homogeneous classes so 
that the experiments within each class result in similar behavioral laws and 
phenomena, and experiments belonging to different classes result in dif- 
ferent laws and phenomena The foregoing classification is in terms of some 
of the experimenter’s operations, but within each class there is additional 
important variation m these operations, so that experiments classified alike 
do not, in fact, always yield similar behavioral laws A bnef sampling of 
some of the important differences in identically classified experiments will 
e presented m terms of the stimuli, the responses, and the reinforcement 
problems 

Stimuli 


Experiments that are tdentical in terms of the limited classificatory scheme 
proposed above often have entirely different kinds of stimuli and sets of 
mantpulanda and their assoctated stimuli owing to differences in apparatus 
1 , ™ 0r °’ b , e ““ se ot thc Ss ’ previous experience in similar situations, 

r ( » ,row - I949 >. observing responses (Wyckoff, 1952), 
chaining fe^ ™ on 8 'he slunuli that permit mediation and 

tremendously f ^ hlp c ^’ 1935 . Sickens, 1959, Dicta, 1961), may differ 
problems themT TT"' "P e ™ en > In addition to these stimulus 
eonmimnt a«,vu" “T” “f VailaU °" s “ ^nve stimuli and stimuli from 
between exncrimcnrs ~t, lt ? S " serve 10 P ro duce functional differences 
pe hich otherwise fit the same classificatory category 

Response Definition 

nMlrex-r^T^™' 1 -^ S,a,td eail ‘ ar - 

results can be ach.eved by d'efimnad, 'a ^ conditioning 

to rule out irrelevant foL s of £? condltl °ns of the experiment so as 
result from a dcl.bcratc choice amon^T'’ apparent refinements can 
As a simple example Pavlnv M a res P onscs available for observation 
well-controlled physical condihrT^ ° U , 1 hlS reference expenments under 
using healthy, alert and hunprv IT’ exc udm g ambient noises, vibration, 
from ihc E and h« SntroS Thc ammals well isolated 

to record and measure salivatfon^an^f" 1 ’ PavIov deliberately chose 
aspects of the dog s behavior ’ f ° r the most part, to ignore other 



Conditioning ^ 

An excellent example of the consequences of inadequate control of ex 
trrmcl) teles ant concurrent activity and learning is seen in Shcam’s (1961) 
resiesv of the literature on cardiac conditioning Any given response system 
IS intimate!) related to other response s) stems Tins is especially the case 
ssilh vegetative response s)stcms, such as those involved in heart rate 
When an eleetnc shock is used as the UCS the gross conditioned change 
in the heart rate is an acceleration With recent advances in instrument, 
tion it has been possible to record momentary heart rate continuously And 
when momentary heart rate is recorded cardiac conditioning htcomes 
quite perplexing Sometimes the CR is an acceleration and sormtim s a 
deceleration of the rate Some, at least, of the contrad.etoo’ results oj 
cardiac conditioning experiments, which led some investigators to doubt d 
cardiac conditioning really look place, apparent)) were «“*£ ^ °" te £ 

"Amor! dctadcdThustranon of 

conditioning experiment and defining * fincmcnt method extending 
conditioning It is a history of prog conditioned eyelid reaction 

almost 40 years Casons pioneer « OTk ”"! h ' u “" ft “drer crude ms.ru 
(1922) was, as rs usually the ease, earned out vvrft r^ ^ ^ ^ m 
mentauon H.s equipment would record i y m g order to evaluate condr 



to the light Hence no test trials were n rcto to Jrght and the CR 

of conditioning The temporal separatro t b , atenc , es m Fig 

is shown m H.lgard s drstnbution of eyel.u F 
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Fig 6 Distribution of the latencies of eyelid responses from Hflgards (1931) 
experiment showing the separation of the primary reflex to light from the CRs on 
the basis of latency 


Low magnitude CRs could be measured on the photographic records and 
typically occurred with considerable frequency early in conditioning This 
e asoa (1934) to complain that Htlgard was paying attention to minor 
twitches in the eyehd, but the superiority of the photographic method was 
quite apparent m the rapid and orderly conditioning of the eyehd 
The photographic recording technique, however, also had its problems 
I* *“ '°ZZ n L‘° 'T 7 ° Ut the m relative darkness so that, 

sively dark adlmd ‘ "I*™'” 1 < 1942 >> «« « became progres 

was hard to ,,iL ,, n 5 ° me mstaDces > Dnce conditioned, the eyehd CR 
trials Another fT orcven increased in frequency during the extinction 
blinks tvn^cahv nwofoin ^ eature ™* factual die early anhcipatory 

air pufKwhicl/ was used m thfucl {"'* “ tmie *° 

always adapuve a malndant UCS AIthou 8 h Iea rned responses are not 

one s> attenC 'l7ougM P to 

conditioning (Kimble, 1961 up 6CMMI f ° f P Seud0 " 

non At Htlgard s sueecstion 1 ? d pursued 11115 lme of mvestiga 

tually led to the discm-crv that a'* 3 CnJC,al comro1 S rou P wi ich even 
hght that became progresLelv smsm,"?/ secondai y response to 
this the beta response* an H r? ensitl2ed during dark adaptation I called 
that with dark aKk 5s a ^ ^ (194?) were able to show 

within the latency range of cnnd? Cnd ^ US number of beta responses occur 
trated by comparing the laterirv' aH * ? e y e ^ responses The pomt is lllus- 
and 7 which represent the ' 5 lbut,on of e yehd responses in Figs 6 
respcctiscly By ehminahng dark^SJ f°, d Grant ^ Noms rcsultS ’ 
ditioned stimuli « was a P tatl0n or by using low intensity con 

bad two cflccts^ tK^ 10 c1 ™* *e beta response 
eliminated from the data a response which was 
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LATENCY jmstcj 

Tio 7 Latency distributions of eyelid response? evoked by Ji^ht in an eyelid con 
ditiomng experiment in which half of the 5s were dark adapted and half were not 
(Grant A Norris 1947) The beta response, a secondary reflex to light, becomes 
senstured during progressive dark adaptation and its increase m frequency resembles 
conditioning »o (hat it was often confused with the CK in earlier experiments where 
the Dodge Photochronograph was used These responses can be largely eliminated by 
using a weak stimulus or by avoiding dark adaptation of the 5 

easily confused with the CR, and it prevented the refractoty phase of this 
response, which normally precedes the CR, from interfering with the process 
of conditioning When the secondary eydid response was controlled, orderly 
acquisition and extinction results were regularly obtained as is shown in 
Fig 8 which presents unpublished data from an experiment by Grant and 
Schneider (1948) 

Although eliminating the beta response greatly improved matters, Spence 
and his co-workcrs (Spence & Taylor, 1951, Spence & Ross, 1959) were 
able further to refine the definition of the conditioned eyelid response Some 
Ss m eyelid conditioning experiments show a very abrupt acquisition curve 
and indeed may show ibis after one reinforcement These Ss also give slow 
extinction curves In examining their records, Spence discovered that these 
anomalous Ss were giving what appeared to be the voluntary responses of 
the Marquis and Porter (1939) experiment, i e , short latency, rapid recruit- 
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produce high response rates, such as fixed ratio schedules, are used, the 
performance of these two pigeons will be mcomparably different The first 
pigeon that is addicted to wandering around the cage may be said to have 
poor response topography as compared with the pigeon who stajs in the 
neighborhood of the button and vending equipment Usually some pretram- 
ing is earned out in order to shape the S’s response into a satisfactory to- 
pograph) With rats, many Es customarily smear a little food on the lever 
in order to center the animal’s behavior on the manipulanda that are 
important for the experiment The amount of reward vended upon each 
occasion of reinforcement is also important here for very obvious reasons 
In any event, comparability between experiments is reduced if the operants 
in question are markedl) dissimilar Since the effects of the pretrammg itself 
may be unknown it would seem to be desirable to design the equipment 


so that the manipulanda lead rather directly to an operant of fairl) uniform 
good topograph) The design of manipulanda to brmg this about and indeed 
the techniques of pretrammg themselves are arts which though widely 
known are not too well understood and certainly are not communicated m 
the literature m an orderl) fashion 

Even greater problems of achieving comparability arise when different 
types of equipment are used to carry out equivalent experiments For 
example, avoidance conditioning might be earned out in a shuttle-box 
where the instrumental response is that of leaving one compartment and 
going to another in order to avoid shock when a cue stimulus is presented 
Or the equivalent experiment could be earned out in a Skinner Box where 
pressing a lever is the instrumental act required in order to avoid a shock 
be guen shortly after presentation of a cue stimulus 
n 5 ^ uttIe -box will produce faster learning than the Skinner 

soliZ** "P™"* Why tunc,,on:,)1 y equivalent instrumental acts dtiler 
much tn learning difficulty is not entirely clear, although one could 

f it loco J notlon IS a more “natural ’ response to avoid a 
nunv questinn<° , SuCh 30 mter P reta tion, although persuasive, begs 

lencc operation* 20 a jj unitcd scientific value But some sort of equiva- 
laws for th» JTJT estabilsbed > or will remain with one set of 
Comptabt X “ d , aDOlher Set of *<>' ^e Skinner Box 

compared For ^ 1112 ^ ehaviors of different species are to be 

frcel> m the Skinne/BoiT biT* h P ’ £e ° ns ma >' be to move about 

tudl) restrained Although- n«d ^ * they ** 

understood on this basis' - th,* V restrajnl « an empirical fact and is 
be found to produce its own amLas^ 1 * 2101 “ dear Md Wl11 doubtless 

nay chnf) the oMh-’a- ‘k' 3 *' 1 l0 P 0 E ra P h > ot a rcs P°“ C 

- experiment is given b) Kimble (1961, 
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0i 4) ® m e dc n. Lijimin, and Culler (1938) had obtained faster condi 
Honing of a running response of guinea pigs mth avoidance framing than 
" , 3 conditioning procedure involving an unavoidable shock Some 
authors had interpreted this finding as a refutation of the contiguity pnn 
cip/c m learning Sheffield was not satisfied with this interpretation and 
cs*cntn|]> replicated the experiment, obtaining the same finding (1948) 
Sheffield, however, noting that the unavoidable shock was frequently ad 
ministered while the guinea pigs were running noted the precise effect of 
the shock on the behavior On some trials the guinea pigs would con 
tmuc to run and on other Inals would jump, squirm, or engage in some 
other activity incompatible with running examination of behavior on the 
subsequent trials then showed that animals that had run after receiving 
the shock made more CRs on the next trial than did animals that had 
terminated their running or made responses incompatible to running 
f urthermorc, in the avoidance condition he observed that successive avoid 
anecs of shock by a conditioned run led to extinction rather than to strength 
cmng of the conditioned running response He therefore interpreted his 
results as showing that the earlier results of Drogden, Lipman, and Culler 
were quite consistent with the contiguity principle in learning 

The Problem of Secondary Reinforcement 
Secondary reinforcement m instrumental conditioning is frequently an 
uncontrolled variable that reduces comparability of results in instrumental 
conditioning The \\ isconsin laboratory once obtained four Skinner Boxes 
for rats from a source that will go unnamed When the rats depressed the 
lever the vending device produced an extremely loud click, and there was 
no increase in the operant rate of lever pressing Observation of the rats’ 
behavior suggested that they were disturbed by the noise of the vending 
equipment The equipment was easily altered so as to produce no click at 
ali, but the rats still would not condition A second alteration was made so 
that the vending device produced a very moderate click, and excellent 
operant conditioning was then obtained It appears to be generally accepted 
that the secondary reinforcement provided by audible cues from the vend 
ing equipment is of enormous importance in producing operant conditioning 
in the Skinner Box The noise of the vending mechanism has a better 
temporal relation to the fever pressing response than does the primary 
reinforcement associated with obtaining ingesting and digesting the pellet 
From observations of this sort and many others it is apparent that much 
of the learning in instrumental situations is dependent upon the nice tern 
pora! contingencies possible with secondary reinforcers Troubles arise, 
however, when secondary reinforcement is present but unsuspected For 
example, experiments demonstrating great resistance to extinction or pecu 
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liar temporal relationships between response and reinforcement are usually 
found to be contaminated by secondary reinforcement or unintended rein- 
forcement of some sort. Because of the ubiquitous character of secondary 
reinforcement it is virtually impossible to eliminate it from a conditioning 
experiment. 

An excellent illustration of the complications introduced into instru- 
mental learning situations by secondary reinforcement is afforded by 
Kimble’s (1961, p. 150ff) account of the search for the temporal delay of 
reinforcement gradient. The problem was to investigate the learning of a 
response as a function of the delay between the response and the rein- 
forcement. This is a valid and fundamental problem and one that seems 
straightforward enough to promise similar results with different experi- 
mental arrangements. Four investigators working on this problem each 
obtained a smooth, orderly function relating learning to the delay of rein- 
forcement. Their findings are compared in Fig. 9. The functions were 



"Jdc for the innucncc^oTdcIa! ^y C .^° m P* ete ty different orders of maroi- 
dela> chamber m each branch^ 'Jf = U934) “ ul “ d a T maze with a 
5 see. interfered with the learnum ° U " d a!tholl £ il delays as short as 
continued to produce some 5 P™* 55 ’ Io ”ger delays up to 20 min. 

T some learn, ng Pcrlms ( 1947 , noted that the delay 
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chambers could prmide secondary reinforcement and thus support the 
learning m spite of tong dchy Repeating the Wolfe study, but randomly 
interchanging the delay chambers, he obtained a gradient which fell to a 
far lower !c\c! with the longer delays There remained however, considera 
b!c learning with delays as great as 2 mm This was attributed by Perkins 
to the secondary reinforcement provided by the differential proprioceptive 
cue* produced m making the correct or incorrect turn in the T maze Penn 
(1943) used a Skinner Box m which the response lever was withdrawn 
after it was depressed and the vending equipment delivered the reinforce 
ment after a specified delay Very little learning was obtained with delays 
as short as 5 or 10 see, and extrapolating his curve from 20 see, Penn 
predicted that no learning would occur if the delay between response and 
reinforcement were as great as 40 sec Finally Gnee (1948), attempting 
to eliminate the proprioceptive cues of the Perkins experiment used a 
black white discrimination problem in which different delays of reinforce 
ment followed the response The positive and negaUve stimuli were ran 
domty shifted from left to right during the learning tnals so that turning 
left or turning right afTorded no constant proprioceptive stimulus related 
to the correctness or incorrectness of the response Under these circum 
stances Gnee obtained a gradient much steeper than any previously found 
Delays as short as 2 sec virtually eliminated learning The implications 
of the discrepancies in results of these four studies arc clear Comparability 
of results cannot be expected until * irrelevant processes arc controlled or 
eliminated from the experiments It is perhaps of interest to note that m 
contrast to the variety of results in the foregoing experiments a somewhat 
analogous function in classical conditioning the effect of the CS-UCS 
interval has been found to have optimum point at about 0 5 sec m a 
wide variety of experiments (Kimble 1961, p 156JT) 


Summary or the Classification Problem 

We arc left with this situation When rewards or punishments are used 
in experiments a complicated mixture of classical and instrumental condi 
tioning takes place And even though the experimenter plans according to 
one particular paradigm say Pavfovian A conditioning or discriminated 
omission training which are logically quite different the actual behavior 
and learning of the 5s in the two experiments may be very similar indeed 
being complicated fabrics of classical and instrumental conditioning pre 

paratory and consummately acts And so the net result is that the protean 

character of the S’ s learning dominates the situation so completely that the 
specific operations of the experimenter are in effect subme^ed and become 
of lesser importance It is therefore not surprising that Kimble and also 
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Konorski (1948, p 243) find that the events and phenomena of classical 
conditioning and instrumental conditioning eventually produce the same 
sorts of phenomena such as acquisition, extinction, spontaneous recovery, 
external inhibition, disinhibition, inhibition of delay 

There are three ways in which this great similarity of phenomena in 
widely diversified forms of conditioning may be viewed First of all, the 
similarity may be more apparent than real, depending upon juxtaposition 
of isolated examples from the rich variety of experiments available A 
second view is that the similarities are real and that when learning oc- 
curs, regardless of the kinds of reinforcers, the lands of stimuli, and the 


kinds of contingencies, the basic process is the same and the behavioral 
laws are the same And finally a third point of view might be that the 
issue remains open Pure cases of the paradigm or nearly pure cases either 
cannot be realized or have rarely been realized so that valid comparisons 
have not been made This point of view would emphasize that the simple- 
minded following of the paradigm of a particular classical or instrumental 
experiment is not sufficient It would require further operational isolation 
o t e stimuli and responses from the usual fabric of behavior to a degree 
w ic i may, in fact, be impossible m the highly evolved, intact organism 
n y when the operational paradigms can be realized in actual experiments 
will comparisons be possible And only then will the issue as to the identity 
? nC aws °* * earnm 8 IQ the different conditioning situations be 
resolved My own view leans toward this last alternative 


Conditioning Experiments with Human Subjects 

pose d' earlier ^we own mCompletcness of thc classificatory schemes pro- 
nC f nhel , CSS USC them as a P° int of departure for 
considenng the relations of simple conditioning to human learning 

Classical Conditioning 

m hu™n Thc°I C ° nd ' l,omn S arc readll y f ° und 

by fairly rapid Icammo u cx P cnments are characterized, as a rule, 
tamed m K'mri ™e or less similar to those ob 

Honing experiments butVT^ rl S glvcs a wcalth of human condi- 

•he four ' c,te a f ™ — “n-e- of of 

matter classical, on ,s often proven to be a completed 

'atj conditioning (c c * cm P l,r,ed b y human salr- 

pcnmentt, however the , . ,n mosl human conditioning ex- 

performance of an nstrumemaT” ? ,h = UCR » ™ ™n..n B cn. upon ys 
mental act (such as mgestton of food) so that thc 
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\ast majontj of the experiments arc examples of Pavlovian B conditioning 
Antons' these arc most human cjcl.d and GSR condiuoning experiments 
nut the human eyelid response can easily be conditioned by avoidance 
training (Hanschc, 1959, Kimble, Mann, S. Dufort, 1955, Logan, 1951) 
and by reward training (Hanschc, 1959) as well as by the tnstnrctcd 
voluntary method mentioned earlier The human hand withdrawn l or 
finccr-withdrawal response is usually conditioned by avoidance training 
(eg . Hamel, 1919, Schildcr, 1929), but can be conditioned by Pavlovian 

D Owing^pcrhaps ,o 

at least appropriate preparation for what is to com 

ss 

r 9 »c:r,9^ 

Rocsslcr & Brogden, 1943) appear to * f 1957) If the pupillary re- 
tut, on as do the organic CRs cited by Bylov ( 95 ) ' J P P ^ 
sponse to light can be condnioned abatable gi. nt, « S 1 
another instance o( stimulus substuu »» “ thB UCS and 

conditioning experiments base m complex chain of events than 

hence probably involve mediation 10 h (Kimble, 1961, p 

are engaged in the simple paradigms employed 

51) 


Instructed 


so, notary coad, honing is of “"A more"^™ 
stances, however, occur rarely m cond, honing ^^P ^ ^ motor sM ls 
monly as annoying "false reactions experiments have been 

experiments And, finally, _ sc ^ oc ^ J* 1947 Earn, 1947, Seidel, 1959) 
carried out with human Ss ( fi > * ^ W1 th human Ss are note 

Certain classical eoadilion ng cxpcn ^ compllcate d forms of 

worthy because they are closely related , al and pa ,re d assoetale rote 

human learning such as concept formal.on ^ ^ fce bnefly menlKsned 
learning, and probability learning conditioning experiments are 

Examples of the more complicated de al ing with semantic 

.hose of Rattan (1939) and R.«s < » ' ’ 0 „ the sec ond signalling sys 

conditioning and similar R “ s5 ‘“ “S“uons, 1960) where rrans er rf 
tem (Israel Program for . & ‘™“^J ucal i y related but not to phonet.cal y 
conditioning was observe o formation in a primitive h3ve 

related words This resembles concept Diclcn (1961) have 

lariy 6 Wichens (.959, and Sh. th mediation and chaining 
studied simple seriatim 
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which resemble serial learning though in a very restricted fashion Also 
Pavlov (1927, p 117) and others (eg, Rodmck, 1937) have simultane- 
ously conditioned responses to two different stimuli, a primitive analog of 
paired associate learning And Humphreys (1939) and Grant and Schipper 
(1952) and others have studied probability learning with classical condi- 
tioning methods Even these simple elaborations of the classical condition- 
ing experiments usually produce slow, involved, and somewhat variable 
learning as compared with the verbal methods to be considered by other 
participants in the symposium 


Instrumental Conditioning 

When one searches for human experiments that fit the classificatory 
m * or s,ra pl e instrumental conditioning experiments described in 
a e , the result is a complete failure Such simple experiments are just 
not done with normal human 5s Human 5s undoubtedly learn in these 
situations, ut evidently they learn so rapidly that the experiments can 
j * C .u'vf / . rou £ bt wto the laboratory The experiment is over and 

_ ” b ' fore “peranenter can observe what happens The expen 
to the human 6 ” * ^° SC ^ *° an amma *> becomes a trivial one when posed 

with human ^ ^ ° rder t0 obtam sensible, observable learning 

mtcmosimt i C SIIDP J e mstrumenta l patterns must be complicated by 
for remforcirJ ^ assoc,aUve learning Although the arrangement 

» ItoSSiSf ? atUre ° f tbe resp0nses * somewhat similar 
SOmethmg must be added “ to the prob- 
of the wavs in which th ° De V tW ° tnals * or buman s * to master Some 
ous ( I ) Feeble mind**/ Slmp e P arad, g i n is complicated are fairly obvi 
1960. ( b\ou & oXdo "JCn? * be used & Oblinger, 
House, & Orlando 1958) mVh^' 1955 ’ Orlando ’ 1961 » Zeaman ’ 

difficult to Perform For , , res P onse class maj be made subtle or 

men, of^r™ d u " a o P ’ e, , VerplaIlck (1955 > «■*»* *• *“*- 
'mit a class of responses con '' ersal,on so <hat the S, havmg to 

experiment SimilarU, chances ” CnUall l' cn 8 a S ed m a concept formauon 
male the response difficult in Class ^ bc made s0 as 10 

demanded by HefTerlme ana , [ Qr:T1 as ™ the low magnitude responses 
W». Hefferfme ” Keenan ("cfferline, Keenan, f H ar- 

nouccd by the 5 l n a senv »k 61 * whlch wer e so small as to be un- 
stimulus ma> be complicated T u m ° t0r sbU cx Pcnment (3) The 
concept formation experiment or nmi, 1 , Way ^ a P roblem solving or 
(4) The number ot different 9 r> abd,ty learning experiment results 
tx: multiplied enormoustv connections which must be learned 
>n paired associate or serial learning, 
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which brings in an entirely new dimension of interferences such as are 
ranty found in animal work (5) Final!) , the motivation to learn may be 
reduced or obscured as in incidental learning and probability learning All 
of these procedures result in slower, more observable, learning on the 
part of the human 5 The simple associative learning itself, however, is 
greatly complicated b) the obstacles placed in its way in these different 
kinds of experiments Cut, as was noted earlier, the general pattern of 
stimulating and reinforcing can usual!) be represented in the classification 
of Table I 

Krasner (1958) and Salzingcr (1959) have recently reviewed human 
operant conditioning in relation to verbal behavior Although the experi- 
ments arc mostly not impressive, these reviews provide a tremendous 
number of demonstrations in which various classes of verbal responses 
arc reinforced m various ways, and man) of these studies resemble the 
classes of experiments which will be dealt with later m the symposium 
This is not to sa) that the free operant is casi!) assimilated into any clas 
sification scheme such as those described earlier or that it can be readily 
compared with verbal learning, concept formation, problem solving, and 
the like But an idea of the diversity of these verbal conditioning studies 
can be obtained from some ot the classes of verbal behavior reinforced 
These include names of animals plural nouns, verbs, verbal activity verbs 
mother, emotional statements adverbs or travel verbs, hostile verbs, I 
and we, pronouns, anti-capital punishment sentiment, vanous attitudmal 
responses, acceptance of self verbalization, digit pairs, reported autokinetic 
effect, Rorschach human responses, movement responses etc , rate of 
verbalization, etc As stated earlier these resemble concept formation ex 
pcrimcnts 


Comparability or the Forms of Human Learning 

If human chrmng is viewed from the standpoint of the various ways 
in which the simple instrumental conditioning paradigms are complicated 
by obstacles put in the path of the human learner, there is an interesting 
implication for the comparability of the different forms of learning 
Bearing in mind that the learning aspect of all these different expen 
ments presumably involves changes m associative strength of one or more 
S— R connections, and bearing in mmd the foregoing comments on the 
way human experiments have been complicated beyond the simple para 
diems of instrumental conditioning it is easy lo see that there are special 
difficulties involved in comparison of learning in concept orma on, m 
told rote .’earning, problem solving motor learning incidental learn g 
and probability learning For m each instance the associative aspect or 



78 


Den id A Grant 


learning aspect has been deliberately embedded in a matrix of other phen- 
nomena e\olving from the various ways in which the simple instrumental 
experiment has been complicated so as to give the human S a problem 
worthy of his highly evolved nervous system In most of these experiments 
the actual S — R association is perhaps the easiest and almost trivial part 
of the performance The big job for the 5 is to find the relevant aspects 
of the stimulation, the relevant dimension m concept formation, to disen 
tangle and retrieve the correct response from all the interfering responses 
at each moment in multifold rote learning to be able to detect relations 
among a complex of stimuli in problem solving to shape a difficult re- 
sponse, evaluating feedback, in motor learmng to form “correct” S — R 
associations when there are no guide lines as to what is correct or what is 
to be learned m incidental learning or to form “correct” S — R connections 


when the feedback is complicated by probabilistic considerations or am- 
biguities as in probability learning 

With each of these complications, simple associative learning plays a 
smaller and smaller role in the total performance of the S Therefore, it 
follows that although all of these forms of behavior are learning, each 
involves other activities which are quite distinctly different from one ex- 
periment to another And insofar as these different forms of behavior 
constitute major portions of the tasks, then it is to be expected that the 
behavioral laws derived from the experiments will be quite different, 
shanng similarities only insofar as they share associative learning which 

a 1 T° r V ° ni0n 0f the total task The associative learning 
may be identical, but the overlay is not 
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Categories of Learning and the Problem of Definition. 

COMMENTS ON PROFESSOR GRANT’S PAPER 

GREGORY A KIMBLE 1 

Duke Unnersity 


Stimulated by Professor Grant’s excellent discussion of classical and instru 
mental conditioning, I have been led to view the problem of establishing 
categories of learning more generally than I have m the past, and am glad 
to haw this opportunity to record some resulting ideas here The first part 
of what I have to say is of a general methodological nature 
Let us begin by recognizing that the problem of establishing a taxonomy 
for learning is a defimUonal problem in which we must deal with the same 
issues as are involved in any other such problem in psychology In very 
nef It is essential that whatever distinctions we draw rest on sound 
operational grounds and that these operationally drawn distinctions have 
some relevance to behavior (Kimble, 1953) In what may be opposition 
o Professor Grant’s point of view, I would hold that the operational 
identification of categories of learning is not a mere alternative to other 
conceivable procedures for the establishment of such categories, to be 
resorted to when other modes of definition fail I would hold, instead 
jyn 0 " - d ' 6mtron ,s > ,n 3 sense, separate from the alternative 
identified n* r ’ g e nerally, such definition provides for an initial 

more ! ie2?ll”. nC T <a " d d,stmc " ons among concepts) , that, speaking 
specification n/tvIL 'r 1 ?'” 1 of our P rescm discussion, the operational 
eW^l Sll 't^T 8 Para,lck lhc operational defimuon of 
rate Aed T t ’ ,her d ' ! '" lc “ons, to whtch Professor Grant 

mg d' dependable depei l dcnt tables associated w,th any concept, serv- 
last scncr o f points ** 0ng,nal operational specification This 

thispn™ ^ ^ Pr0V,dB 3 sort ° [ skeleton outltne if the content of 

be useful to deaf finally ,d ' nW >' ,n S v aneties of leammg, it will 

mg itself Elsewhere (Kimble 19611 f P “ er31 concept, that is, with Iearn- 
permanent change m a behavionl' ' haVe , dcfmed learning as a rclauvely 
E behavioral potentiality which occurs as a result of 

NitKxul Science FocmdUl^ 1 " f ' nliu,td b >' a pant, NSF-G 7079 from the 
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reinforced practice Put into a familiar form, this definition may be schema- 
tized ns m rig I with ‘ reinforced practice on the independent variable 
side of the diagram and with “a relatively permanent change in behavior 
appearing on the other, dependent variable, side of the diagram The con 
ccpt, learning, occupies the typical intermediate position of an intervening 
variable 


INDEPENDENT NTERVEHI5 DEPENDENT 

VAR ABLE VARIABLE VARIABLE 



Via 1 The vtatuv of ihc concept feaminc as an intervening variable 


As I have also spelled out elsewhere (Kimble, 1956, 1961), this defini- 
tion docs a fairly satisfactory job of distinguishing learning from such 
processes as adaptation, fatigue, experimental extinction, changes in moti- 
vation, and matunlion which also lead to changes in behavior The term 
reinforcement which occurs in this definition has no particular theoretical 
meaning (Kimble, 1961, pp 5-6) Jt refers, operationally, simply to any 
state of aflairs which, introduced appropriately info a situation, leads to 
the strengthening of some S — R relationship 

The point which I want to male next is that distinctions among dif- 
ferent hinds of learning may profitably be viewed m terms of this same 
paradigm It is necessary that whatever distinctions we decide to make 
be based on firm operational grounds, and that the operationally defined 
distinctions have some relevance to behavior Failing to meet the former 
criterion males it impossible to distinguish among hinds of learning reliaWy, 
fading to meet the latter renders whatever operational distinctions we make 


insignificant , . 

The specific problem which Professor Grant discusses in his paper s 
that of the distinction between classical and instrumental conditioning 
Approaching this problem from the point of view just eve ope ea 
the construction of a second diagram, which is an e a ra ton o 
presented in Fig I This diagram, which appears m Fig 2, is an attempt 
to relate the two hinds of conditioning to the more general concept leam 
mg, and to raise in summary form some of the question 
shall want, later on, to address ourselves regar ing f H ram chows it is 
the two forms of learning As the left hand side « 

possible to distinguish between classical and ins between a 

operational grounds, in terms of the contingency, 0 
response and a remforcer 1 * the student 

diagram raise several questions concerning 8 
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OPERATIONAL 
DEFINITION 
IN TERMS OF 
INDEPENDENT 
VARIABLES 


INTERVENING 

VARIABLE 


POSSIBLE SIGNIFICANCE IN TERMS 
OF EFFECTS ON BEHAVIOR 


MOD FI ABLE NATURE OF RE EFFECT OF CER 
RESPONSES 1NFORCEMENT TAIN PARAMETERS 



Fig 2 Diagram to illustrate how the distinction between classical and instrumental 
conditioning entails the same considerations as the definition of learning 


ot learning, of the operational distinction between classical and instru- 
mental conditioning The general idea which this elaborated diagram at- 
tempts to convey is that classical and instrumental conditioning both 
quality as examples of learning, but that they may differ (this is an em- 
pincal question) in several ways, including the kinds of responses which 
enter into classically and rastrumentally conditioned associations, the na- 
“ ' , rcm °rucment » it applies to the two forms ot learning, and the 
E ™° l ccr,am vamb,cs which may influence the two processes dif- 

more de,^T )0 . r “ y °' lhe rCInamdcr of P a P« will be devoted to a 
mo^ detailed treatment of die items which apflea? on the right hand side 

c wil l al to determine the validity ot the distinction between 
classical and instrumental conditioning 


< Bo-m'r, SA " C ReSP0 ' ,SE5 Be Conditioned 
Classically and Instrumentallyi 

( 1 9 6 1 ) \ sugg™ed° that" HiTl M ° r91 '' 5 Conditioning and Learning 

instrumental conditiomnp m-iv 1 * 13110031 dlslinctl0n between classical and 
cording < 0 ^°“ ^Z^ mSp0nd t0 a beha " OTal dichotomy ac- 

ol classical conditioning antWnh* condlllonabIc only by the methods 
ot instrumental conditioning T*™ *** condltlonab]e only by the methods 
on the neht hand side of Fi« 2 i* SU ^ esllon 1S repeated as the first item 
defense of this possible a T n ° mcnt I should like to offer a brief 

P°«»blc distinction Before doing so, however, perhaps I 
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should mention that I recognize that this is an extreme and even implausible 
position Doubts ns to ns validity nrise, if nowhere else, from the general 
observation that Nature appears to abhor dichotomies much as she abhors 
vacuums On the other hand, and in spite of such doubts I know of no 
firm evidence to refute the position Terhaps you will not think it too odd 
that 1 can simultaneously doubt the validity of a pent of view and still 
feel that it stands a better chance of being right than any competi g p 

"°Also, as a sort of preliminary to the mam point I should like 
to dissociate myself from Movvrcrs (I960) position Mower of course, 

ss £ « Sr— = : 

of this hypothesis Whether, conversely, automate ^respoi ». , oday , 
Honed instrumcntally is onc <hc “^" s B £ an acllV c area of research 
personally think the) cannot be, b . The point here is 

Tad the evidence is no. m More of this in a moment nght 

just that I doubt that the distinction dra y m w fiich I sug 

Since the publication of CWbuM' g reccl , e /several thoughtful 
gested the distinction outlined abov , (he ob|ectl0ns is a reitera 

communications objecting to it Alt oug . m a bne f re con 

tion of an old argument, there sccm * The P first of these objections 

sideration of one or tuo of the more p b j e tba t the same response 

has been that, m some cases, it S ^ C J^ cnta ]| y This would constitute 
may be modified both classica y an c j assica lly conditionable reactions 
factual evidence against the theory v ^ r5fl My reaction to this 

cannot be conditioned wstrumc" S a ^'„o"ten wnvmced^ that it is correct 
criticism is simply that, so far, I 3 C inE evidence that responses 

On the one hand, there is as yet no changes and the GSR 

which arc normally involuntary, such |lh ugh they can easily be 

can be directly cond, boned R TtJnt rate have alleged y 

modified classically In cases where he GSR or ^ ^ ^ p^sible 
been conditioned mstrumenta y, i j Ilie true response in ques io 

stclctal mediating reactions ^h “nsmuted th^ brca[I , tocasc 
A little tenseness in , h e case of the 3 , or relluig demons™ 

of the hear, rate, rs all that wordd "Huch responses might consist 
non of the instrumental cond, .onability ^ , s But 

of the development of such ins, rumen.: rH e „, has been done 
fa, ,0 the b=s P , of my know =dge n-uch exp ‘ ^ whlch also super 
Another example, that ot me 
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ficially appears to be modifiable m both wa)S (Moore & Gormezano, 
1961), requires a different explanation In this case, the classically and 
mstrumentally condition able eyebbnks, m my opinion, are different re- 
sponses More specifically, I believe that the mstrumentally conditioned 
ejebhnk is that which investigators in this field call the voluntary blink 
and that the classically conditionable reaction is of a different sort Figure 
3 presents a comparison of typical voluntary and involuntary responses 



Fic 3 The characteristic forms of involuntary (left hand tracing) and voluntary 
(nght hand tracing) anticipatory ejeblinks 


which occur in the ejelid conditioning situation in the form of tracings of 
sample records The distinguishing features of the voluntary response are 
its short latency, rapid recruitment, and protracted duration In these char- 
acteristics it is quite different from the reaction which is the usual object of 
investigation in the e)elid conditioning experiment The differences ap- 
parent in the tracings in Fig 3 have contributed to the conclusion reached 
by the majority of investigators m eyelid conditioning that these two 
responses are of basically different types which probably obey different 
taws Support for this conclusion comes from two lines of evidence which 
ba\c not been described sufficiently often in the literature, probably be- 
ausc they are matters of common laboratory knowledge rather than 
m gCneral When Ss are instructed to blink voluntarily 
to the CS, the response usually takes the voluntary form, similarly, when 

havrn ° Winvrf 8 ”^! rc ^P°° ses of this fonn ate questioned, they often report 
.nn v Sb ,? t (2 > * are ins, reeled not to blink votan- 

0 , & Care of «*»•” '«P°nses are less often 

Of response are qumi SUn ‘ ar w ^ en 5s who & how the nonvoluntary form 
pose” and somenm^ ° nCd ’ 561(1001 re P or t having blmked “on pur- 
anticipation of the ' hat thcy W bUnl ' ed 'l 

mij goicm these ft*? ’ dlfte ' cn “s in the principles uhich 

scsticatcd Informal evidence ° d bd “ v, ° r ^ n °‘ bee " ad =q uatc! > 

P 101) merest Ural A ™ “ d mC ex P=nn,entation (Kimble, 1961, 
fttst mat the soluntary icsponsc deselops fall strength much 
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more ripidl) than the involuntary wrict), and mi) attain a Ic'd ot lOO'T 
occurrence after a few trnls , . . 

A second enttexm of the hjpothesis of the .ndependcneeofd caly 
conditionablc and instrumcntall) condtt, enable responses . mos “ 

x cloned b) Ifebb (1916) in a piper of which I a as unaware unt.l ver) 
recemU Brief!), whit llcbb does is to emphasize the rewarding come 

quencc* of the responses to nnnj classical uneond,t|oncd shm^h and t„ 
maintain that certain forms of condtttomng usually regarded aa das .cal 
are ae.uall) , ns, rumen, al Sal, canon ts the best 

(as others base also reeogmzed) sal, sat, on no doubt increases t^^p ^ ^ 
bill!) of food (or dilutes acid sshen that is the UC ) ^ e(Iects 

warding state of affairs sshich cannot ^ SC P “ concepluall) What 
which the unconditioned stimulus mi) has P th on 

1 would want to emphasize here is the tmportanee of aehiesang 

ccptuil separation j derives from 

bne of‘ the major pitfalb sshteh ps)cholog) mustjo, ^ ^ ^ 

whnt Sttn ft Chase (1938) long ag common naive faith 

psjchological thinking, what is imo \c £ g ex(entt 

m the esSe, correspondence •" one Zm of reality 

we seem to operate in terms of l 0 , crs miphficd conception of classi- 
In tli c present context, this leads to • p , eve nt (abstractly 

cal conditioning, tn which it ,s as ““tn* aspect of behavior In my 
referred to as the UCS) influence as, ng^ For m „st re, a- 
opinion, both assumptions in is " behavior which they modify is 
forcers are scry complex events i and *»' “ situation is some 

also complex In the ease of “ ^“Ta remteeer does a, least two 
thing like this The food or acid u d ^ odd]Uoni a variety of 

things (1) It elicits salivation a • t])( . e]ratat]0 n of salivation, it 

emotional reactions < 2 > *"* * d or S dl l u tes the acid and reduces its 

also increases the paint ability o . «*> nearly cer ,a,n that these two 

unpleasant sour taste 1““' 6 ' different influences upon behavior and 

different effects of food The firs, process (the ehe. 

modify the organism in .’^S^aecompatm®"'*) I heheve to be 

non of salivation and its emo cIos ? Ica lly conditioned sahva^re 

sponsible for the cstablishmen , effect up0 n the taste of food) 

f,r The second effect of the re nforcer( m|]uenci! ^ ^ upon salivation 

has different consequences Tin w hich the experimental lam 

however but upon the host of other » skefetal reactions of 

Slnds to 'appeal , 

fre^'sdivary'conditioning situation employed by Zener 
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tioned by Grant, m my opinion, are mstrumentally conditioned and depend 
upon the second (essentially rewarding) effect of the food I suspect that 
it would not be difficult at all to show that these reactions are very differ- 
ent depending upon whether the classical CR they accompany is estab- 
lished with food or acid as the UCS Such a demonstration, again, would 
argue for a treatment of salivation and the instrumental accompaniments 
of salivation as very different hinds of learning which happen to occur 
together in the most classical of classical conditioning situations 


Subclasses of Classical Conditioning 

Although I intend to return to the major distinction between classical 
and instrumental conditioning, it will be convenient, with the background 
which has now been developed, to make a senes of comments upon the 
varieties of classical condiuomng proposed by Professor Grant If I had 
been doing it, I would not have arrived at the same categories as Professor 
Grant did, but this hinges in an important way upon the previous com- 
mitment just described to a distinction between classical and instrumental 
conditioning in terms of the responses which can be conditioned with these 
procedures 

First, however, to remind you of the set of distinctions which Professor 
Grant makes, they are (1) Pavlovian A (that is, ordinary salivary) condi 
tioning (2) Pavlovian B, conditioning typified by nausea elicited by the 
preparations for morphine injection, (3) anticipatory instructed condition 
mg and (4) sensory precondiUonmg Such objections to these categories 
as I base involve the last two varieties Pavlovian A conditioning I would 
classify in my own scheme as conditioning employing a positive reinforcer 
(Ihe nature of positive reinforcement being independently defined in a 
Thomdihcan way as proposed by Grant) Pavlovian B is a complex and 
not very good example of classical conditioning employing a negative re- 
in orccr To these, I would consider adding the two forms of classical 
conditioning proposed by Mowrer (1960) in which the CS signals the 
a scnce or impending termination of a positive reinforcer in one case and 
rem / orccr in the other Whether these forms of conditioning 
on ^ . occur ’ 0 course i is a moot question But one can suggest them 
nhwir^ U PCral,0nal £r ° Unds ’ « »s perfectly obvious that the 

If noth ‘7 l,Cd m cach P rocedure arc possible to establish 

It also swim i* r» 1S 3na ^ SIS su SS ests hncs of interesting experimentation 
mental conH t ° ' Into Professor Grant’s classification of instru 

?' Eh ' * to him on this ground 

car™ dm™™ ? dca! w,th thc two varieties If “classi- 

S.,,p^r«^X»ew y m°" 5SOr m way ThC 

l ) struclcu variety, m my opinion, is actually instrumental con- 
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ditiontng The reasons (or thinking of such conditioning as instrumental 
•main reflect m) hypothesis about the separability of responses which can 
be conditional classically and instrumcntilly Those insolvcd in anUcipa 
tory instructed conditioning arc voluntary (by definition) which, in my 
opinion, means that they can be conditioned only instrumentally and not 

Scnson preconditioning I Mould consider to be a simple case of classical 
conditioning ,n which the two CSs actually bear to each other the rela 
uonship of CS and UCS On this basis it is possible to view the precomil 
Honing phase of the experiment as an instance of true conditioning Th 
usual experiment on sensory preconditioning however, males »p— 
for recording the responses involved There are many nuplieaUon sc E to 
idea, few of which have been explored experimentally In S' ncra ‘ J 0 " 
ever adont.ne this point of view mediates the prediction of a number of 
effects* of sensory conditioning It should, for example be possiWe to show 

interval separating these two *«"“• preconditioned re 

be possible to demonstrate extinction ot thc Se “°^ in P (s ( coppock, 
sponse To the extent that there is evidence on these points (e g 
1958), that evidence tends to be positive 

Classical and Instrumental Conditioning 

AND THE NATURE OF REINFORCEMENT 

The second possible d'flerenee^beWKn ctocal^and ^ research 

d, Honing suggested in Fig 2 mTO Question of tIie nature of rein 

has been done in this area, th , ::lc t0 re vtew the work which 

forccment Tliere will not be space here t0 be „ 0 real need to 

has been done in this area Moreover, the m^ec ^ ^ rf 

do so, since discussion of this P™ k „f conip Ieteness how 

(e g , Kimble, 1961, Mowrer, 19 f > , ssues are at stake The fust 

ever, it may be worth mentioning ^ theor]St whether to adopt a 

of these involves a decision on the p XJie process views need 

uniprocess or mult.process theory ^ ^ recograze a d.stinc 
not concern us here ^ Ca ^l^™nTarcond.uon.ng except on opera..onal 

t- ■ — " — 1 ■ 
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distinction at all As Fig 2 suggests, I am inclined to think (and I believe 
that Professor Grant agrees) that there are important differences between 
the two forms of learning, one of which is under discussion 
Having accepted a two-process position, the question to which we must 
turn next concerns possible differences m the nature of reinforcement for 
the two varieties of learning. Here the most popular choice, and that 
toward which 1 incline, is to view classical conditioning as learning which 
results from a process of contiguous association, and to view instrumental 
learning as something which obeys the law of effect There are, of course, 
various opinions as to the nature of the mechanism underlying the opera 
tion of the law of effect The esidence does not warrant a choice among 


the various possibilities, and this is not the place to pursue the question 
further Here our only immediate interest is m the question of the applica- 
bility of the law of effect to classical conditioning The two-process theory 
in its most topical version holds that the law of effect does not apply to 
classical conditioning 

The most important line of evidence which appears to support this 
point of view is that experiments dealing with the effect upon conditioning 
of the duration of noxious unconditioned stimuh base shown that this 


variable has 1 ttle or no influence upon the le\el of conditioning The 
significance of this is that, with noxious remforcers, the only way in which 
reward (invoUed b> definition in the law of effect) could operate to 
strengthen a response followed by such a stimulus would be if the important 
c\ent were the cessation of the stimulus If this were so, the use of a long- 
duration UCS would be the same as postponing the occurrence of rem- 
orccmcnt On other grounds, we know that delaying reinforcement lowers 
the level of conditioning This leads to the predicuon that classical con- 
thr°w S i Sh ° ud , bc inrenor Wllh a protracted UCS by comparison with 
rWc ! ° { cond,tlon,n 8 obtainable w,th a short UCS Since this effect 
^ m c ' ass,c ,_ al conditioning (e g , Wegner & Zearaan, 1958), 

“ ls th = *«ry from which the prediction derives is 
the noxious Z C Ca ty’ re, " forccI ’“ti>l is not provided by the cessation of 

dteSS? a " d ' U ’ arct0rc ' ,h,S LS "« a» instance in wh,ch the 
chcct strengthens the response in question 


. 0F Class cal Conditioning 

and Instrumental Conditionino the Same’ 

=rp"ron%™L ft sX b 't m P !? IC ” 0r G ™‘ 0,Im alternatives and 
answered at the prcscntiimlTl ’ '° ™ w * :!t t5,c 1 un "on cannot be 
I agree, but perhaps for somewhat different 
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reasons The central points which 1 have in mind are these In the first 
place, there seems little reason to doubt tint experiments m instrumental 
and classical conditioning have jicldcd an impressive arra) of similar phe- 
nomena Such features of learning as acquisition, extinction, spontaneous 
recover), stimulus generalization, response generalization, and discrimina- 
tion arc shared by both Tins could easily lead to the conclusion that, at 
least at one level, the Jjws of both kinds of learning must be the same 
Probably the majority of experts in the field of learning would accept 
such a conclusion Against its unquestioned acceptance, however, there 
stands this fact In setting up an experiment in instrumental conditioning, 
it is impossible to avoid the inclusion of classical conditioning This is be- 
cause to insure the occurrence of instrumental conditioning, it is necessary 
to provide for reinforcement The rat learning to press the bar in the 
Skinner Box must be rewarded with food, water, avoidance of shock, or 
something else Moreover, it is perfectly obvious that this reinforcement 
must occur in some situation In the Skinner Box example, food is ad- 
ministered in the compartment This means that the stimuli m the box 
arc paired with reinforcement after the manner of classical conditioning 
It seems likely , therefore, that classical conditioning occurs as a terminal 
element 3 on each trial or with each senes of free responses in the Skinner 
Box situation Given that the various phenomena just mentioned are char- 
acteristic of classical conditioning, it is to be expected that they would oc- 
cur in the ease of classically conditioned responses which contaminate 
instances of instrumental learning Moreover, there is a possibility that the 
entire explanation for these phenomena in instrumental learning reduces 
to their occurrence m the classically conditioned element which terminates 
the trial That is, it is at least conceivable that such phenomena as extinc- 
tion, stimulus generalization, and the like occur in instrumental learning 
experiments only because of the occurrence of these processes in the in- 
evitable classical conditioning component of the experiment Whether this 
is so or not depends, as Professor Grant suggests upon the results obtained 


*!« editing dm paper. Professor Melton raised the question of whether ' the Clascal 
conditioning component must be limited to the terminal e emen 0 , 

instrumental acts It seems to me that class, cal condit.on.ng must nvolve as the 

UCS an element of some emotional Significance Thus in m ° st ‘" St 

situations the assoaat.ons formed by classical condiUomng would fo ^ 

as a UCS and other aspects of the expenmental Sltu f w 

such conditioning would be greatest for neutral stimu i w ic components 

from the goal 
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when instrumental learning is analyzed into its component processes, and 
the laws of both forms of learning have been independently studied So far, 
not much along these lines has been done 

At the present time, the chief variable which seems to provide a possible 
entering wedge into this problem is that of the schedule of reinforcement 
This possibility was suggested as the final item on the right-hand side of 
Fig 2 From Pavlov on, there has been evidence that reinforcing less than 
every trial is a peculiarly destructive procedure in classical conditioning 
Pavlov (1927), for example, found that reinforcing on less than a one in 
three schedule made conditioning of the salivary response impossible In 
instrumental conditioning by contrast, performance frequently is weakened 
very little by the use of much smaller ratios of reinforcement In fact, the 
evidence suggests that, when a sufficient number of trials is examined, 
schedules of partial reinforcement may facilitate rather than interfere with 
performance in the instrumental learning situation (Goodrich, 1959, Wein 
stock, 1958) 

Experiment 1 3 in the paper by Goodrich is a study whose implications 
I find very interesting Goodrich ran rats in a straight runway on 100% 
and 50% schedules of reinforcement and obtained three separate meas- 
ures of running speed, in the starting box, mam alley, and goal box The 
results of the experiment showed that (1) Early m learning, running 
speed was slightly faster with the 100% schedule than with the 50% 
schedule for all regions of the alley (2) After about 15 and 25 trials, for 
starting speed and alley speed, respectively, the 100% and 50% curves 
crossed, with the partial groups displaying superior performance (3) Thts 
crossing did not occur for speed of running m the goal box, the 100% 
group remained superior 

Although Goodrich does not offer such an explanation, these results 
may reflect the different, al effect of partial schedules of reinforcement upon 
, mstrumental cond, honing for which 1 have just been arguing 
first su P cnont y performance under the partial schedule for the 

sutlers no h"" 1 "* ot ,hc mazc ubsiously shows that mstrumental learning 
h!t L„,„r rC T‘ “" dCr 5UCh Schcdu,M and be superior The fact 
goalZ ms^'n rCma ' m SUpCr '° r Undcr ,he eonunuous schedule in the 


continuous reinforcement However, the 

eliminated the d fTe r cn ce ^ by . an a,!eratl0n m apparatus which may have 

.he E «, tv ™? r d ^ 

the results of Friedes ( 19571 , r . 1 v ? re P h y ,,caI than psychological The fact that 
•rterpreution. (WS7) are hke ,ho ** of Goodrich s Experiment I supports this 
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litter point, which is cruc.nl, raises a difficult pent of interpretation, be 
cause the response being measured ts clearly an mstrumentil response 
and not a classmal one This problem ma> be resolved when " e kn °” 
about the , ntcraet.cn between the classical and mstrumental components 
ot the behavior occurring in a single situation . , 

The result of the Goodrich expertmen. .tscU.s mffi » P“ slbl 

form of such an tn.erietion Let us assume with HuMWK) thaUhe 
classical component energizes instrumental behavior through a cortmbu 
tio. to the animal s motivation (incentive M an 
that this incentive ,s made enec.ive by ge. ncrataUo« ' horn the go al sn 
tion to other places ,n the apparatus Trom Good™* s result 1 see 
possible that, initially, this generalization ts under a 

die starting box in the alley and pnriucnjg F con P d ,„ on , ng un der such 
continuous schedule, because of supen cradual restriction of 

schedules Increasing practice, “'hc^supcrtorTty of ^rformanee under 
the range of generalization so that P Z_ ance , n the starting 

the continuous schedule disappears, firs Jj* only n the goa l box 
box and then for performance Obv. 

where the cues to the classical C entails a number of unproven 

ously, an analysis of this hind is n generalization narrows with prac 
assumptions (such as that thc ® s o[ t hc spatio temporal vanety) 

lice when thc dimension o gcnerahzauon ^ P of classjca l con 
It also begs thc question (since it assum tte p ^ ? t0 be demon 
ditiontng under continuous rein ore experiment may be taken 

° l! ° as 

as providing indirect support for p 

illustrating possible applications M , schedules of reinforcement 

More direct evidence on thc ctTe l P Suc h ev , d ence as there 

upon classical conditioning is J tes th at partial reinforcement 

IS fe e Moore S. Gormezano, 1961) inoicaie r ^ t h e response 

mterfe^s quite seriously wuh. he eondiuomngo ^ ^ done , Ve ba dly 

upon which most of the work on th q forcemen , which employ 

need comparisons of continuous as atte mp.s to demonstra 

other classically condmonable respon^as daBlcal and mstrumental 

the differential influence of other v P rtant i y to reaching a declMO 

conditioning Such data i would con dm P ^ eond.tton.ng are 
on .he question of whether ctofflcd ™ , havc tned to tad, cate n th 
actually two separate forms of A dlff „ e „ t bu t the evidence does 

paper, "my hehef rs « sfatemen. «o rha. effect 

not really warrant a completely cuu 
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Summary 

The problem of establishing a satisfactory taxonomy for learning is a 
definitional problem involving the same issues as other problems of this 
type (1) There must be a clear operational distinction among categories 
of learning and (2) these operationally established categories must have 
some significance for behavior 

In the case of the distinction between instrumental and classical con 
ditiomng the first of these requirements is clearly satisfied in terms of the 
contingency or lack of it between the response and reinforcement The 
second requirement poses certain issues which have been of central inter 
cst to the ps)chology of learning for several decades Possibly significant 
differences between classical and instrumental conditioning are these (1) 
It may be that classical conditioning is a process which applies only to 
involuntary elicited behavior whereas instrumental conditioning applies 
to voluntary emitted behavior (2) The evidence suggests that classical 
conditioning involves the establishment of associations as a result of S — S 
c °ntieuity and that instrumental conditioning obeys the law of 
C ^ Ct secms 1lkel y tkat P a rtial reinforcement is a destructive pro 

ccdure with classical conditioning and not with instrumental conditioning 
is last item suggests that the laws of classical and instrumental condi 
loning may not be exaetty the same This proposition is difficult to assert 
i^t^f ldenCC ,! 10We ' er of the S rea t difficulties of separating 

t»o forms Of lcaramg rn the actual ejpenmental situation 
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A pell taken among behavioral scientists ^ 
ness of belief that there is some continuit) in the s 
a,, phjla in the ammo, 

a ph\lum a somewhat firmer belief in y within 

H « £° >0 a given genus ,hc belief m 
the species, Homo sapiens, It "ou onc 0 f ,he purposes 

creasingly rcstnctisc path one step fur e y explicit ho w 

of this conference, namely, to analyte learning of the 

commonality of behavior is exhibit positive correlation be- 

human organism in different situations s P h conclusion is m- 

tvveen firmness of belief and fact it at onC e supersede 

escapable that there are la '' s ot h " particular situation These laws, 

but include the learning exhibited in any p would show 

« "ould seem, mas, be « 

what they are Chapter hcadi g% jh a t and no more, they 

Motor Learning, and so on, wc would w(h human learning* 

should not be taken to indicate - nrnm0 nahty is not as apparent as it 
But, on second thought, perhaps the com y ^ confcrence would 

appears that it should be Perhaps f it wc« W ^ commona i„y, some 
not be required Still, some one has to cam^gu , he common 

one has to point out the baste laws, appearing under different 

phenomena, or the ■ d '" UU “ conSn Z d.vulge die conlinuily 
chapter headings Surely a careful eonsiue 

that is said to exist . of COU rse, demand that we 

The assumption of contmui y ’ w herever we look The m 

evidence for complete or P= rfe ' “"a t m different situations, certain rc- 

festation of the laws may be d '^ ' law5 10 be operative at all, comp ex 

search paradigms may no. allow cet, a. ^ ^ And that may ^ 
interactions may mash the ette dmg o£ rese arch has he.g 

situation we face The i 
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the fragmentation in the study of human learning, and it may not be easy 
to bring together the fundamental factors involved in all forms of human 
learning and thus bring concordance between belief and fact 

Approaches to a Taxonomy of Human Learning 
Some Possible Approaches 

There arc many approaches which might be used to express the rela 
tionships among research findings for all forms of human learning Un- 
doubtedly the most elegant way would be m terms of theory A general 
theory of human learning in which the particular findings in each area are 
shown to be deductions from the master set of statements and relation- 
ships is clearly an ideal solution No such system is available Since the sci- 
entist is never content with particulars we do have many, many attempts to 
apply theoretical notions across areas for limited kinds of phenomena All 
of the contemporary models (the favored term today) are presumed to 
have greater generality than the particular situation in which they have 
been cmplojed, and it is quite possible that some of these will eventually 
provide the basis for a general theory of human learning 

Another way of attempting to express the continuity for all human learn- 
ing is m terms of phenomena produced by comparable operations Thus, 
can the operations defining extinction in ejelid conditioning be duplicated 
m vcrbal learning, in motor learning, m concept formation, and so on, 
an , if so, do the same phenomena result from these operations 9 This 
approach simply asks whether mampulable variables affect learning in the 
same way, regardless of the task involved Svstematic work of this nature 
enables wou hl be of inestimable value in constructing a 
widelv learnm 8 ln fact > this approach has been rather 

the intent r.f ? r^ n0t m an ^ s y steraat,c sense and not necessarily with 
lam elemente nf h*" 2 T * le a PP roacb bas certain limitations and cer- 
somc tasks whieh^" lim| tations come from the fact that there are 
can be introduced r not of such a nature that certain variables 

meanmnfulness on n ^ CXam P Ic ’ ,l * ould seem difficult to manipulate 

arc comnarahle tn ^ ^ r ’ wbat operaUons m problem solving 

classical ^conditioning? Ot°con!sc »c hasc°.' ^ c f nd,tloned sUmuluS l" 
m one situation has So possible counter^ * 3 S ,vcn , 

a rclcsant satiable in ihTlatter Hot! ^ ‘" “"other then it simply is not 

amonc tasks an\ „ However, if this asymmetry is widespread 

becomes somcsshaMcss than s)stcmTtie° ““"'P'’' 3 ' 3 ' ,3nables " cros5 “ sVs 
The dancers ol the method are tsso number Wc havc 0o mtcm for 



Rote Learning 


49 


clearly specifying when operations arc comparable when tasks differ In 
deed, some might say that if the tasks differ die operations cannot be 
comparable The complete entertainment of such counsel would remove 
all hope of assessing empirically the continuity of human learning across 
tasks, and we should not subscribe to it But esen with less rigid criteria 
of saying when operations arc and arc not comparable, there is stiff an 
issue of concern Tor example, in classical conditioning there is a body 
of literature on the effects of varying percentage of reinforcement le t 
proportion of the trials on which the unconditioned stimulus '^ presented 
Lme studies (e g , Schulz L Runquist, 1960) have been done s ift paued 
associate learning in which the proportion of trials on wrhmh henomet 
response was shown was varied The results differ somewhat from those 
obtmncd with classical conditioning Is this because the opera lions are not 
comparable, because the effects of the variable are d fferent i the MWo 
s, .nations, because measuring units are not eoorfuiate, because othez 
factors modify the effect, or what’ Failure to f L^sbons that 
havioral effect for a given variable for different tasks ^ 

are very difficult to handle when the intcres am S j f given 

A second danger may be present when cqu. compell ing ,n 

variable are obtained for two or m0 [f nrocesscs arc involved in 

tcrprctation of such a result is that the P acquisition on 

producing the effect Thus, ,f d.smbumd practice , n(erence 

a pursuit rotor and also on a serial nroce s S es) are involved This 

is that the same fundamental process (o P be resolved 

may or may no. bc true Usually, ho *X’n uons of The assumed identity 
by further research m which furt cr imp dangers and limitations 

of processes can bc tested Indeed, m spite o the dange ^ o£ 

of this method t. does no. secmunreasonable.osuffi ^ 

this approach ,s necessary if unification of the dispa 
in human learning is to be achieve _ , ltv of learning in different situa 

A further way of evaluatmg commona ,ty ^ An fflustration 

tiens is by what may he called , A descriptive difference between 

would bc the work of Richardson (1958) 5tated m terms of 

concept formatton and rote verbal ,e “ rnI ^f 50Ciated wlt h similar stimuli 
the number of identical responses oto graded operations so 

Richardson translated this descriptive differen ^ r0 , e , 

that continuity (or lack of it) “" X htflc use has been made 

ing could be studied directly VroU y ^ admllted ly much dlfficull P ‘ 
of transition experiments althoug tIie ,„genious researcher y 

working these out for cer,ain 'transition experiments 

find extraordinary repayment indWg dure whe reby tasks 

At quite a different level of discourse 
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and the behavior required of the 5s in the tasks, are analyzed along de- 
scriptive dimensions with the similarities and the differences being cata- 
logued Thus problem solving and verbal learning are said to differ in 
terms cf the amount of discover}' involved in determining an appropriate 
response, whereas free operant learning and problem solving both involve 
considerable discover} There are man} such descriptive dimensions which 
might be u<ed (Melton, 1941) At the vei} minimum, such an approach 
has clear heuristic value in org anizin g the tasks used to study human 
learning But whether or not the descriptive dimensions have ps}chological 
or behavioral relevance is a matter for research, and while occasional at- 
tempts have been made to determine this relevance within a given area 
(e g , Rile}, 1952), no concerted programs have been undertaken 


The Present Approach 

The search for continuity b) whatever method (and there are un- 
doubted!} others than those mentioned) maj, m the writer’s opinion, be 
superficial and perhaps even misleading until the level of analysis in a 
given area of study reaches a certain stage of sophistication This state- 
ment is made from a background of research in rote v erbal learning and 
requires explanation The major purpose of the present paper is to look at 
the facts and theories of rote verbal learning with anejc toward those that 
reach be}ond the particular situation from which they are derived In a 
manner of speaking, the purpose of the paper is to view' all of human learn- 
ing through the window of a memory drum To do this m znv but a 
superficial wav one cannot look at gross phenomena. To point out that 
C in ^ 31lIon occurs in motor learning, m concept learning, and in 
verbal learning would seem to be of little value We need to know the 
compmbilit) ol the mechanisms involved m producin'* the retroactt'C 
,f*7kl ,° r ' anotis tashs, we need to isolate the stibpbenomena to 

d m com P° Md rf to the same wav How far these 

w.dr^£™ P rocctd fc'o* comparabilities or commutes can be said 
d:baUb ’= <** of the points to be 

on- of the dls cussion is that the research in Serb at learning, 

^•s rtcS^t-7? 7 rK f 2rch “ learning, has, m the last few 
nrtc ratVr * °* ^ sophistication where we maj be m a position to 
lcamuis ' damsntal cont2ct with at least some other areas oTbuman 

above Refer- f r,d “subphenomena*’ have been used 

these terms are to be J* UlSC to § ne 211 ^lustration of bow 

type (*UanS B two ^ S° nader S tr2nsfcr «“*» of the A-B, C-B 
P«.p trams th- tuo Lrs Z** 01 ' r ^ s P oas « identical) An experimental 
Uts, a control group learns onlv the second The 



Rote Learning 

cross phenomenon in this situation is the amount and direction of transfer 
winch occurs in learning C-B, as determined by the difference n. per- 
formance of the tiso groups At the present time is e know that this poss 
effect is constituted of a number of independently demonstrable subphe- 
nomcna 

nSr' £ 5*5-- sheutd transfer posune.y for 

re;? 1 & in «* »«< '■« *• Eroup shoo,d 

produce a noumc effect in learning the second list. 

4 Learning to-leam should produce a postil* t i *n« ‘ 

5 Backw ard associations should produce a neg 

6 Others as jet unspecified. 

While sic can identify Ihese faelors as *£*£ 

we cannot specify at the present time o T clearly in order How- 
produce the oser-all effect Steps ,n “ fc furlh c r reducible into further 
eser, even these ^.c^^ot a "umber of components 

subphenomena Learning to-lcarn broltn down, whereas today it 

which, ssnh appropriate research, , “„ bc aIwa>5 considered in the design 
stands largely as an irritating factor ^ adc (as was made earlier), 
of experiments So, in fact, when # Iearnm g demonstrated on different 
that the search for relationships S ( b]S „ ca tion in the different 
tasks requires a certain level o ! ™ yt 1 ^ P ^ ^ that lavd is Tha 
areas to expect success, it is difficu P“ cert am phenomena m verbal 
we are sa.d to have reached Dm J" “led by any ^ 
learning is an expression of confidence und.se p 

CHARACTER, ZATIOI OF ROTE VERBAL ^ ^ 

Rote Learning' Let us 
rcHncli^he" ^ 

,s likely That the following would ^ ™™f carmag y. “stenle,” nonsense 
“dull,’’ “Ebbmghaus,” ‘narrow,’ verb^e ^ ^ noUoa! , be 

syllable,” “memory drum, sen _ 1 > ■ that rote tean""S ' 1 y 

culled from such associations Firet , B “ c , at , oa which is q""" "PP™?® “ 
associated with verbal l«nung. “ « '» fl ed as the olassreal Mm* ° 

The second notion is '““. narrow, sterile, and, in a m-nner 

rote verbal learning, is fe 
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speaking, deals with a form of learning that is almost intellectually demean- 
ing These assumed reactions to rote verbal learning may paint a somewhat 
exaggerated picture of an attitude toward the area, but most would prob 
ably agree that the core of such an attitude does exist If a number of re- 
search areas in human learning were put into the cruel and grinding 
dimensions of the semantic differential it seems clear that rote verbal 
learning would come out with a ‘ bad ’ profile, perhaps being pressed only 
by classical conditioning 

Obviously, from the writer's point of view, these attitudes are ill begot 
But, perhaps these attitudes are, like so many other attitudes, representative 
of a cultural lag Perhaps if the contemporary work in verbal learning were 
understood by all some change in attitude might occur Perhaps it is not 
quite justifiable to view the nonsense syllable as the pedant’s playmate In 
any event, the position taken here is that the work in verbal learning — rote 
verbal learning — may stand squarely m the center of all human learning 
Research in verbal learning is shooting out phenomena and theories which 
are touching, somcumes in a very fundamental way, all areas of human 
learning from simple conditioning to the study of the thought processes 
The central nature of verbal learning will not be argued nor pressed, but 
there is implicit hope that its centrality may emerge obliquely but clearly 
from the presentation to be made 


The image of a subject m a verbal learning experiment as being a tabula 
rasa upon which the investigator simply chisels associations, and quite 
against the S ' s wishes, is archaic The S is far from passive and the tablet 
has already impressed upon it an immense network of verbal habits Some 
of these habits are simple and direct and some are conceptual in their 
inclusivcncss, i c , they are second-order habits A more accurate descrip- 
uon of the verbal learning experiment is one in which the S actively “calls 
upon a c repertoire of habits and skills to outwit the investigator Since 
* Kal1 100 frc q u cnily successful m this endeavor, it is quite understand- 
, C _ Vl ^ SOmc mvcs tigators in the field of verbal learning do indeed wish 
ms cr.h n 3 P aSS, ' c and cIean slatc u P° n which the associations could be 
implicit inn 3 S,m ^ e / as * 1,on this is not the case has several important 
implications, some of which will be mentioned here 

dealmcwiSi^riw 1 ’ i* ^ m ' crbal learning experiments we may not be 
tion of assneniirt carn, "S« SOmc might say that we never study the forma- 
Ccm n V w Umn “ b >' ******* which the S already pos- 
WOuId approach a vcrbal vacu um more closely ifwc 

lc« of our time on the MllcecVc^V ^ mms of >' oun S ch,ldren and 
verbal association* s °P bomof c But even the young child has 

"° m " h,ch wl > the leant, n E of new ones, and m- 
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instigations of scrbsl learning with the pmerbal eh, Id poses mechanical 

bu.lt on top of this network ( ^ nonpasslv e 5s 

Theories aside, realization of the fact that *e ' n e 

with a sast set of habits ms) '"^ lcnCC ° ° P | h:lb , ts ma y themselses be 
mcnnJ studies of \crbal learning The p toward trying to under- 
lie object of stud) with further attempts ire learning phenomena 

stand L these preformed habit « ■»« 

under stud) at the moment The f , .. fact t hat these habits 

deal in some fashion with preformed habits, and the ^ ^ 
arc of the nature that may mHucnec learn, S 0 , r J s „ 10 n area between 

some credence lo Ihc notion that set a ,_ in „ £ H 0 wcser this may be, let us 
simple learning and ‘ higher ' fo ™^ c p d t0 prov ,de the empirical 
look at some of the tasks which hase been Y 

base in the area 

f _ .. obvioush , that 
One of the defining characteristics ‘ '“ b “' “ rt ,hc learning task 

scrbal units must in some way be pre e identification is made 

When the task does ,n fact consist of ■ se ba! -mt* , rf ^ lcaroer s 

without much ambiguity tf the Thus, if geometrical 

language But ambiguity may exist i d with a switch that must 

forms are used as stimulus terms, e“h paired w^ ^ ^ be ed a 
closed when the stimulus term ,s v pr “ n ap ply a verbal label to geometries 
scrbal task? The fact is that many Ss'vi PP > 1]ed „ onver bal response, re. 
forms, and they may even do so f° r * ^ ,. s]Xth • switch in the sen 

the 5 may learn that this stimulus go labo ratones at Ohio S 

Clearly, some of .he studies emanating from m ^ ^ rf as pcr ceptual 
University (c g , Alluist 4 Muller, 19 exper ,nients between P 

motor learning studies, may repre learning There ° at ’ bK t be 

verbal learning and 'pure" percept ™' of verbal units can at bat " 

that verbal learning deals with acj'*“°“ d , f take n too 

used only as an operational dist understanding of learning ! P 

m0,0r ~ ass oe,a 

'“A second specification of 

tions arc required of the S 
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are commonly used in the task (lists) In very recent years studies have 
been performed (e g Peterson & Peterson 1959) in which a single verbal 
unit has been presented and systematic relationships determined for short 
term memory Thus a single three letter unit is presented to the S for a 
brief period of time and its recall requested at some later point m time The 
most elementary unit of printed verbal material is the letter The basic 
spoken or oral unit is less clear, perhaps the phoneme might be considered 
the unit when oral responses are required In any event if the letter is the 
basic printed verbal unit then clearly even a single three letter unit consti 
tutes a three unit list With a three unit list at least two associations must 
be formed or utilized But this analysis may also mask the actual learning 
process involved since it is quite possible that for a three letter unit the 
coding process (to be discussed later) makes a single unit of the three 
letters 

With the above two restrictions in mind we may look at some of the 
tasks which are used in verbal learning studies 

Free learning — In pure form this task involves presentation of a senes 
of units to 5s under mstrucUons to learn the units in any order On sue 
cessive trials the presentation order is varied from trial to trial A somewhat 
more restneted procedure would involve a constant order of presentation on 
each trial but still allow the S to recall the units in any order When in 
addition however a constant order of presentation is used and the same 
constant order required of the S in learning a different task namely 
senal learning is identified 

To those investigators who like to make specific S — R analyses of learn 
mg situations the free learning method presents some difficulty The difficulty 
is in identifying a particular stimulus for the recall of a particular unit At 
t c present time about all that can be said is that the stimulus for the recall 
ot me items is the general experimental context With certain kinds of lists 
tZu r ’ l rrCd that the reca11 of one ltem ^rves as the stimulus for the 
an ° th l r SmCC the Ueras ma y be known be strongly associated 

st, 11 remains as to the stimulus for the recall of 
for eachuL!, clcar that ,nabll "y to rdentify a spec, He st.mulus 

for free learn, °^ s not P rcve ot the determination of lawful relationships 
™ ™" Cd as W,U be scen the free learning method has 
mgproetts m >mS CCr,am sub P bcnoIne na involved ,n the over all learn 

ordcr'on^cada'stud^toal and T ™ prCSeMcd *° *= S m a COnS 'f 
presented In its pure to™ * " rC< l mred to ,ean t thein m thc ord ^ 
presentation is csscntiallv dele' a ' C dlscrcll: and lhe fixed order °! 

n,,a "> dc 'errn,ncd on a random basis This method 
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dating bad to Ebbtnghattt, has been used in countless studies ^ Sc ™” e ™ 
,ng produces the boned serial posit, on curse, a h “ 

tantalized theoreticians for many >cars Again, m ^ s 'S f 

make precise S— R amljscs have, m recent >cars been sh>mg away trom 

this method since ambiguit) exists in identifying a *1*“^ blTmanv that 
specific response It has probabl) been implicit > / ZedlaX pmceding 
the stimulus for a response in ^ r ' a "“™ nS ,S j , 963) sugg esUhat this 
term Hosscscr, recent considerations (Undcroo Th= facts 

assumption cannot be maintained with an) -g . f or a g lven 

seem to indicate that sse cannot speedy jus. sshat the stimulus g 

response in serial learning . of tIlc capacity of the 

Progress ,n a science may * '*»*£ “ ~ phen0 m =na Regard 
investigator to break down gross phe ^ of learning this 

less of the theoretical orientation involve , It therefore seems 

implies m part stimulus control and d vehicle for 

likely that the frequency of use of serial ,car ? a mo re precise analysis 
stud) mg verbal learning will further tmm ^ ^ accom phshed soon It is 
of stimulus and response functions QUt 0 f tas ks m other areas 

interesting to speculate on the cause : ' 0 ' h '^ lly usc d For example, the 

of human learning, tasks which one occurred in the postwar 

great flood of studies using ,hc P“™'™,' fC1s „ n f or ih.s is that the pursuit 
years has essentially dned up One po subcomponents for which 

rotor is a very difficult task to brea investigators tend to drop a 

stimulus response functions can be p . power charactenstic of the 

task when it will not give them the nnalyt.ea po 

field as a whole . 0 i um ts — In Ihis task wor s 

5mof /earning mill »nlact,cal ordering ^ (he ordcr ,„g of the words 
vary in form class (nouns verbs and » > The s 1S required to learn 

is such as to conform to the rules g menta j unit for such a 
the words m the order presented The such umts (perhaps orn 

may be a sentence and the acqutsi ■ course, the scoring o ' 

mg a paragraph) may constitute the usk -U ^ number of idea units 

may occur at several levels, sue as tas |, must be wor si 

and so on Aldiough .he items panted inth^ ^ produced wth 

to realize the full effect of syn • ^ by changing endingS a „„ ro priate 

nonsense words Thus, Epstei ( varJ0US form classes in PP 
nonsense words to suggest urn s ‘ was positively influence jnyo j ve 

ordering was able to show t a learning task app ear t ver bal 

It is perhaps needless ***** ^ "Us of 
properties which none of no t been used 1 3 

learning have Furthermore, the task na 
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learning Yet it seems likely that m the future years this task will provide 
an important point of contact between verbal learning, psycholinguistics, 
and other disciplines interested in the study of language behavior 

Verbal discrimination — In \erbal discrimination learning the S is pre- 
sented a senes of pairs of units The mvestigator arbitrarily designates one 
member of each pair as the correct member, this designation being random 
with regard to position or any other charactenstic of a conceptual nature 
which might obtain across pairs Initially the S guesses one or the other 
units of a pair and is told in some manner whether his guess was nght or 
wrong The order of the pairs in “pure” verbal discrimination learning 
varies from trial to trial If the order remains constant a multiple unit two 
choice maze is simulated 


Verbal discrimination learning emphasizes recognition learning rather 
than recall learning In verbal discrimination learning the subject does not 
have to leam the responses per se as in other forms of verbal learning, but 
clearly a discrimination of some kind must be developed between the units 
However, as a task it provides a fairly close approximation to the learning 
required in distinguishing among stimuli of a paired associate list and there- 
fore should prove of considerable value m future attempts to break down 
stimulus functions The fact is, however, that verbal discrimination learning 
is not frequently used as a method for studying verbal learning 
Paired associates — Pairs of verbal units are presented to the S just as m 
a verbal-discrimination task Here, however, the left hand member of the 
pair is designated the stimulus term, the right hand member the response 
terui e y s task is to leam to be able to recall the response term when 
he stimulus term is presented alone The pairs are commonly presented 
n different orders on each trial This task is by far the favorite of con 
mvcstl £ al ° rs since stimulus for a given response can be 
ambipuitv^ / s P^ clfied However, even this specification is not without 
ambigmty as later discussion will point out 

lcamL tw'ff * taken as ™dal tasks for the study of >erbal 

be Thus then* ^procedures is fixed or immutable, nor should they 

task the min>ri l ^ an two Voices in a verbal discrimination 

- constant order, the pans 

might be nouns the Icsnonse term "’TT' Sy " ta * (e 8 ' thc stlmuIuS 
All of the T ms %erbs ) so on 

ground for the remamd/ ^ had as ,ts P ur P° se the setting of a back 
of certain phenomena rJn° It r ^ a ^ cr We ma y now turn to an evaluation 
arc potential phenomena lor thC StUd> of rote verbal learning, which 
dnerse m\ estimations of huma t0 2 ether some of the results of the 
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Factors in Response Learning 

The reference point for most of the remaining d ' s ““' 0 „w,llb=paued- 
assoente learning As the first step two gross stages tn the 0 '«-afI lea™ng 
may be identified There ,s first response learning ° 
recall the responses ns such The second stage ,s (to a 

each response term must be ’ ““"’“J Underwood & Schulz, 

more extended discussion of these tv o factors involved in re 

1960, pp 92-94) Tins section is accrued «. Zmat® the 
sponge learning It should be clear that t e i 

efiects of all mampulablc variables, Mb er, the m«nt is « , eB ..al 
phenomena associated svith variables w ic P ^ thcr ar cas of research on 
for being related to phenomena occurring in 
human learning 

Acquiring a Difficult Tngram H n «. s0Cia te 

Assume that VXK is one of several response V ^ be shown 

list If the stimulus terms have low wtcrstiin ^ ^ bemg able t0 

that much of the over-all learning time i num bcr of common three- 
recall the response terms correct!) For n ja Let us took a, 
letter words resnonse learning is of minima o tngram 


nuen ot me ovci-.m - , num ber of common am*- 

icall the response terms corrcetl) , mp ortancc Let us look at 

liter words response learning is of mmim P° „ dl fflcult tngram 
ame of the factors which may be in\^ ■ ^ ,j ie matter of merely 

Specific interference — Hrst it ina i[ f0I ,hc young adult learner 

equiring the letters as such is of no P W tth reading and wnting 

■he usual 5, having had 15 years of t expo lenc^, ^ ^ o , he appropriate 

an identify and produce the letters o P ]SIt|on 0 [ the inpem a 

rqucnctng of the letters which m ta yes (Underwood & Schulz, 

ifilcult learning task In the letter asso ^ t0 ,j, c letter V, and K is 

960) the letter X is rarely given as a P ^ ^ ev£r occur m this 

arcly given to VX Furthermore, the that fhere is httle if any 

irdcr m words Thus, the first letters, there is httle pos.uve 

lositive associative connection c w ^ learning of this tngra® 1 

iffect from previous learning n kindergarten student ** f> ^ 

i college student might be likened “ “Rations between letters for die 
vord CAT However, the lack of ®! acc ount for the difficulty 
lollcgc student does not 10 m The college student, ar£ 

pcnenced in learning a difficu g letter, that is, other ^ 

child, does have strong associations ^ K Thls K not tounpy ” £ 
strongly associated with V, wt * etwee o letters but on y 
young ^children have - — S £T those o, the college shiden 
associations are likely to oe 
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Indeed, Mrs Sheila Keppel (unpublished) was able to obtain quite reliable 
letter associations from second grade students Furthermore, the frequen- 
cies of particular letters given to single letter stimuli correlated between 34 
and 63 with the frequencies of the letters elicited from college students 
For two letter stimuli, the correlations ranged from 36 to 85 So, it is 
clear that certain sequential letter habits are built up early in the develop- 
ment of a wntten language, but for children it is likely that the strength of 
these associations is less than for college students The implication of this 
is that the strong alternative associations in the repertoire of college stu- 
dents produce interference m the acquisition of this unusual letter sequence 
Several points about this interference need elaboration 

1 Overt interference, such as giving a wrong second letter, is almost 
completely limited to letters m the list Letters which are not in the list 
appear so rarely that reading errors may be responsible for them This 
selector mechanism, as it has been called (Underwood & Schulz, I960), is 
extremely powerful and seems to be characteristic for all verbal learning 
tasks In a recent unpublished study 5s learned 16 pairs of common words 
for 15 trials The 30 Ss involved made 1,424 overt errors, only one of these 
errors was an importation, the response being “yellow ’ when the correct 
response was ‘ canary " Thus, in spite of the fact that all of the words were 
common, and all would have strong associations, only one of these as- 
sociates appeared in the overt errors produced by the 5s 

The failure of strong associates which are not m the list to intrude does 
not mean, of course, that they do not contribute to the interference How 
ever, it is likely that if a verbal unit not in the list is strongly associated 
with one in the list, the amount of interference it produces is less than for 
a umt which is equally strongly associated and is in the list 

tne bulk of the interference is produced by associations with other 
etters m the. list it .c J 


” T V n he llS !\ 11 1S clearl y a negative transfer paradigm m which there 
pairing o etters so that pre-experimental associations are inappr°' 


u Cry com P ara hle to perceptual motor studies (e g > 
PcnmcntaWprm ^ Where var,at, ons in the compatibility between the ex- 
soci*tirme\ J.!!!™ 1115 and population stereotypes (pre-experimental as- 


sociations) affect the rate of learning 
3 Hnw flrw* o b 


° CS lbc ^ karn a * a sk where such strong interfering 2S- 


tion occurs 'andThis 11 T * MrC " S rc ^ on ’° bel, eve that a process of ex tine- 
with the area ot class^l “ " h ' ch vclbal kamin S seems ,0 mC * 
an extinction like nroci-s in " onin £ kerc « independent evidence for 
also available fora^m <BanKS & Underwood, 1959), the evidence is 
the use ot both ot pr0CCSS (e 8 • Br ‘SS s - 1954) ^ 

19<-1 ) Wether or not ex, “ T 1 ™ 8 ■" forgetting theory (Postman, 
not extinction ot conditioned 


responses 


and extinction 
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of verbal associations arc based on .he same processor ‘ 

example, no. all associations u a l.st mas be extinguished and the maso 

for this am obscure A sultan, number of extu act ion tmls con. 

ditionmg usually will bring ,h<: ^“amn" and classical conditioning 
this area of comae, between verbal learmn„ , , dlrect j y 

seems sound enough 10 men. transmon expenmcnls des g E 
at the subphenomena involved in both ls on a memory 

Coding In develop, ng an “ ^ c a^ an assoc, a„on 

drum vve arc sometimes inclined to speak as t ory drom of 

between the two units as they exist out t ntatlon m the mind 

course this is absurd Doth terms must avc s Jwever neural-cortical 
of S, and the term “mind is represcntaUons are, of course, 

chemical mechanisms arc involved T P ^presentation for a 

responses in the strict sense of the term \Vha t.s me ^ g ^ that 
tngram such as VXK’ The tnstrumcn a P® ^ inslrom ental response is 
he spell the unit We may think, ther ’ o( , he lr ,g ra m in the mind 
in some manner isomorphic to the repre ^ , in m any instances 

of the S However, there is ^mujus term a matter which 

the S codes a response term (just as he m y ad |0 do IS t0 provide a 

will be discussed later) What the cod, £ P ^ ,f the memory unit 

more readily remembered unit than . , llie un it as presented on 

consisted of a representation that is iso P lhe UIllt 0 f memory 

the memory drum Thus, there h a dBcrejan^ w response, 

and the objective response term S 

therefore, there is a decoding process reasonable’ Everything we 

Is a coding process of the 5s are extraordinarily acute m 

know would say “yes” In the fust P' * wlU learn various rants 
making judgments about relative ra e provide them with the cn 

Long experience with verbal units app , , ^correlation between e 

criteria for making these judgments ^ ^ terest of an 

ability ’ ratings and actual learning r dual „ems it would essen i J 

investigator is only in the difficu ty o sur£S one of the criteria w 

be a superfluous step to obtain learm ^ m 1S how easily it !S P r0 , n ^ U _ rete 
Ss use m rating the leamability 0 3 I( ieduc es the number o ‘ ^ 

Pronunciation is a coding proces making the mstruni ' 

memory units involved Of no-™ * h ' “ “its serving 
sponse must decode, but if the sou deco ding adds little 0 
unit is standard, hence well * d ,fficuf. such as VXK 

mg process How much decoding^ ^ may indicate it 3 eardi;1 ble 

is not known The very fact th problem is deary 

of a facilitatory nature may r T ™ P were prcsent£ d, which, 

For example, ,f relatively difficult tr.gr 
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the letters were rearranged spelled a familiar word, would the coding 
process “change” the tngram into a word For example, suppose the trigrain 
presented a subject was GDO Is this tngram coded as GOD or DOG with 
additional learning to implement making the correct instrumental response 

- — se and 


This whole matter of the relationship between the response term per 


the representation of it in the actual learning is mentioned here as back- 
ground for subsequent discussion on both stimulus-term and response-term 
coding 

Motor involvement — In most verbal learning tasks little attention is paid 
to possible motor components in the instrumental response Thus, on a 
rating scale of amount of motor involvement, verbal learning would be 
rated much lower than, say, pursuit rotor learning Whether or not the 
supposed small amount of motor involvement m producing a difficult tngram 
is of psychological importance is not known It is known that the mere 
speed of spelling difficult letter sequences is slower than the spelling of less 
difficult sequences (Waters, 1939) The slow learning of a difficult tngram 
could in part be due to motor conflict since the sequence of sounds are 
new to the S The difficulty young children may have with a certain sound 
or sequence of sounds indicates that there may be some fairly precise motor 
skill learning involved Certain foreign language sounds provide very diffi- 
cult motor pattemmgs for the adult attempting to speak the language for the 
first time It is possible, therefore, that appropriate studies would show 
reminiscence m verbal learning comparable to those shown with the pursuit 
rotor or other tasks commonly identified as emphasizing precision of move- 
ments At the present time, however, there seems to be no data m verbal 
earning which provide a compelling bridge to motor learning 

econ -order habits — The discussion proceeds with factors judged to be 
important in learning a difficult tngram The intent is to suggest the pos 
siDility that the tngram, such as VXK, is not only difficult for the various 
reasons already noted but also because certain second-order habits may 
™ ? lhC lcarn,n 8 situation We have noted earlier that letter- 

™ n .“r P S 1Ct that ^ w °“ ,d bc a difficult trigram to learn and 
hat m fact it is Thus far the interference factors said to be involved in 

ft om as Z . M “ tr ' Er T havc bcen s P ccir,c m that the interference comes 
M™,aLT»r T °' hCr S '’ CC ‘ f " : "^rs which have been prev.ousl) 
further notent nl^ E ' V 5 n lctter letter-association data suggest a 
conson-nts the ° f imcrf crence If letters arc classed as vowels and 

a member of one orO," 1 ' 55 !?'” 1 !’ 1 ' data lndlc:,te that the likelihood of giving 
verv clovelv to ihe ' C to 3 specific letter stimulus corresponds 

r?.T al tra ^nc,cs of consonants and vowils in 
c etter stimulus is a consonant, 62*& of the 


a consonant, 62 < “& 

'wel and 38^ with a consonant These valu^ ^ 
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correspond exactly lo the consomnt-consonant and consonant vowel fre 

the response given by the ; S ' n,3 ‘"‘ 1 '" s |ctlcr asso ciatton procedure 

•nrese facts suggest that respon “ ' n Ua, frequences of 
may be due in part to second-order habits rclat g 4 mloKed 0 r 

consonants nnd sossels without mga reEU i a mics of classifiable specific 
to put this another ssay, environmental P* u For ie asons explained 
esents hate induced second-order habits P uon data as we viewed 

b) Underwood and Schulz ( I960), e sc( . ond< , rd „ habits most of the 
it did not require the assumption of specific associations 

facts could be accounted for by be accounted 

were intoltcd Yet, there were some W«f‘ frcq ucnc.es of sequences 
for by assuming that differences in '"™°™ C n" For “ample H occurred 
v.crc reflected only in the specific ass of lts j^gh frequency of 

very infrequently as a consonant respo specifically H follows T with 
occurrence following specific letters in w 2 73 gave H when T was 

scry high frequency in words yet on y 1 ^ dala d0 not firmly justify 

the stimulus Thus in spite ot,hcf ' , 1|cr sequences will be made 
it. an assumption of second-order hab, m letter^^ 

Two implications of this assumption ducE , n ierferencc in learning 

1 Second-order habit systems may p trlgranJS consistmg of 

certain letter sequences, perhaps etc ,h ree consonants occurs m 

three consonants That is since a se£ l habits (consonant consonan 

frequently in the language, other second^rddho ^ le]ld£Jlc y t0 g ,ve a 

vowel) may introduce interference by '" ,r g b£ a httle forced in 
vowel as the third letter Such an f J kn ow in the learning 
that there arc at least two unknowns t0 activate the secon 

situation how much of a sequence s "Mess’ «y an alphabeneal 

habit In the letter association data ■ “ letter stnnuh than i with ■ • 
t,.t,„ of much hiehcr frequency with two response to B by 


single letter as stimulus * * response to ad ^ * more 

only 8 of 273 5s but C was given » f seC ond-order habit) « 

this habit (which is not here co nce tban hy a single e 

hkcly to be induced by a two , ,C , b£ filldm g of Howes and °*f°^ rly , he ,r 
a result is also consistent with associations (see part ^ m 

on the effect of context words on word as habits am e 

Exp 2) If second order consommtvwel ei) q encyo£stIch habits „ n> y 

learning a tngram we cannot be f u ii activation 

take more than two letters to bring them 
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The second consideration is whether or not the selector mechanism, 
which is assumed to reduce interference from specific associates which are 
not represented by the response unit in the list being learned, may also 
operate to “curb” second-order habits When all the response terms are 
consonant syllables, perhaps no \owel habits are elicited In word-associa- 
tion data the responses to a single word rarely follow grammatical order 
(a second-order habit) Thus, to the stimulus “dog” a verb such as “ ran ^ 
or * barked ’ would rarely be given If the stimulus consisted of “The dog, 
the word association would undoubtedly change to “ran” or ‘ barked” and 
the activation of the second-order habit might well influence responses to 
subsequent single word stimuli In a similar fashion different vowel and 
consonant sequences among the response terms may be required in order 
for the second-order habits to be activated Again, this problem can be 
answered empirically by constructing lists of response terms in which some 
items correspond to the sequential patterns of vowels and consonants m 
words and in which some do not These latter items should be more diffi 
cult to leam than when all items in the list correspond to the same sequen- 
tial pattern 

2 The above discussion assumes that second-order habits reflect with 
considerable accuracy the frequency of different sequential events which 
occur in the environment. The development of such habits must be reflecting 
verj much the same habit mechanisms being studied in the area called 
probability learning In the probability learning studies the investigate 
presents events of differing frequencies to the Ss and studies the degree of 
correspondence manifested between these frequencies and the choice be- 
havior of the 5 Any given choice cannot be adequately accounted for b) 
the immediatety preceding stimulus, the choice is determined in part at least 
) a senes of preceding stimuli. This is oversimplified of course, but it does 
seem that the two areas make contact at this point It is also possible that 
the second-order habits, presumed here to be operating in the learning of 
. . r ma ) have parallels in the memorization of sentences where 

^ ,mponant ’ these ^tax habits also producing interference 
Ac sequence of .usds form a prmbled ament* 

Similar,!) and Responze Learning 

rarfcel :o(lUI:ickofanicna bility toS— : R anal) sis, provide 5 

In this section » L it factor$ ,n 'olved m learning responses as such 

IHae e A £ T* • S«“P t 

,s Act m Ac V™" 5 01 "»jor point to be made 

essentially dealing » lt i, S!Iml anty m setbal learning see are 

-pnicaL ci;;* scn,on m " 68 20 
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=k?hsb i=ssSS5 

other 

Miller’s leading to .he abo.e " 

4 .o 7 letters, ..th 9 sequences const, luting h 1S ’ °”l,"vere ordered 
vtere used in making the 9 units In ccr|am palt ems of letters 

random!), m others the) were order c observed by the 5, 

were repeated in the various umts Ift esc p should occur more 

as the) apparent!) were, the learning o sue outcome of the 

rapidly than the learning of the random sequence units The 
experiment clearly supported the notion hjch may te considered 

In the Miller experiment the experimental situation The 

concepts, were both learned and utih „ „ tn crimcntally learned is be- 
utihzation of concepts which have been pre I 0 i] O wing unpublished 
heved to be quite convincing!) demonstrated in the follow g 

experiment __Four lists of words, shown in 

Conceptual similarity and free learning mtentem similarity 

Table 1, were used in the stud) Lists 1 and 4 have 


table 1 





France 


apple 

Bob 

England 


football 


Russia 

second 

emerald 

Joe 

Germany 


trout 

John 

bluejay 

bus 

copper 

rabbi 

canary 

geology 

theft 

priest 

sparrow 


hat 

bishop 

robin 


table 

minister 

measles 

hammer 

cruiser 

cow 

mumps 

salt 

trumpet 

horse 

polio 

tent 

doctor 

dog 

cancer 

cobra 


cat 

nitrogen 

mountain 

wine 

rumba 

oxygen 

window 

blue 

foxtrot 

hydrogen 

ram 


tango 

sulphur 

~ 

cotton 

waltz 
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Lists 2 and 3 consist of four sets of four words all of which were high 
frequency responses in the tables for responses to category names as given 
by Cohen, Bousfield, and Whitmarsh (1957) These four lists were pre- 
sented to 37 Ss In presenting Lists 2 and 3 the ordering was not as shown 
in Table 1, rather, in each block of four items each of the four categories 
was represented once, but the ordering of the four items within a block 
was random 

The rate of presentation of the items was 5 sec , during which period the 
experimenter spoke the word twice The instructions gave no hint that 
concepts or categories were involved in Lists 2 and 3, and since the lists 
were presented in the order 1, 2 3, and 4, the 5, after havmg had List 1, 
would have no expectation that List 2 would consist of four sets of four 
words falhng into the same category Each list was presented once and the 
Ss were allowed 2 5 min to write down all the words possible Instructions 
made it clear that the words could be written in any order 
The mean numbers of items recalled were 11 08, 14 57, i4 86, and 
1 1 35, for Lists 1 through 4, respectively Summing the recall for the two 
high similarity lists for each S and the two low similarity lists for each S 
shows that 36 of the 37 Ss produced more correct responses for the high 
similarity lists than for the low Of the 74 recall protocols for high similarity 
lists (two for each 5), 28 (38%) showed perfect recall, for the low- 
similanty lists only 2 (3% ) perfect recalls were observed Thus, these gross 
results basically confirm a number of other studies using varying materials 
(Dccse, 1959, Horowitz, 1961, Underwood, Runquist, & Schulz, 1959) 
Therefore the problem of interpretation is the matter of concern The post 
tion taken here is that the critical unit of memory involved in the present 
stud) is the concept or category name Additional evidence is necessary to 
make the point 


't'"*} °i * c I'.ghs.m.larny lists clustering was nearly perfect 
Th/mtf ° ,, he < . 37 * m ' EtU be sa,d not ,0 have shown extreme clustering 
items in •* “ Scncral P roduced recall protocols in which all four 

ThcSswerpnnf?^^ 16 reca " cd to g e ther then another four, and so on 
of the eminent* ik, * n “ mber of ,tcms w the list yet it was clear in many 
e ch ot ouTctn v Sk " CW ,lKre wcre 16 and four instances of 
rails cl r C P n °, S S™ n ' c words from n concept In the 74 
S J ’° Md a , f3 " Ure 10 any word from* natatory 

the 12 units showed P crfect or nearly perfect recall for 

several of the protocols "* aal ' E ° r,es but recall for the fourth I" 
space was left for th- rn'nn* 1 ''* 15 ' tems wcrc S lvcn correctly, a Want, 
kss than three uc's C f '°r k ',^ “ cat ^ry No S ever wrote down 
•> tv ' ms irom a gi\en category 

ra rof intrusions was identical for the high and low similarity 
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hits A total of 16 was observed in each set of 74 P' 0l ““ ,S ^ ai "> 

precision of the selector mechanism ,s apparent Of the! 

the high similarity lists. 14 were 'good intrusions m he sen e thaMhey 

were members of one of the four categories Only the word SAMBA 

occurred twice, replacing RUMBA tr . bo. instances On 

was TABLE which was a member of List 1, ana in 

was not readable . „n.t involved w'as the 

These data strongly suggest that the b «‘ c "'j" xvhen the first 

category name Let us seems incs, table that it must elicit 

of these is presented, say. rOXTROT. n tcd „ to o should 

an implicit response. DANCE When A scvcral wor ds elicit the 

elicit the same implicit response, and so f the words 

same response it becomes a more frequent response than any ^ ___ ^ 
considered scparatel) Memory for catcgori t j, ere w as a failure 

the 296 different opportunities to remember categories, there w 

in onlv three cases .. c.mnlv sa\s that if the 5 

What about an alternative interpretation which «£P ' > nd then free 
remembered four specific items, one rom . ed? Word associations 
associated to these the present results wou ms qulte unlikely that if 

to each of the items used is not avails c, t results That some 

they were available the) would pre ic J\ h t have occurred cannot 

relatively free association within the : ca eg iy S relatively few mtru 
be denied, but even this was probably mwW « that the 5 knew 

sions occurred and since a number o P c ] US ter but none was given 

that one more word was required for ’ ‘ S b j y be because the S cou 
This failure in the latter instance could not ^ lt mdiCates a clear 
not think of another unit that fitted or concept played a un 

editing process Thus, while the category na* t that the 5 earned con 
mental role in the recall process, it is under each concept 

siderablc knowledge about the particu importance of secon ° 

Bousficld (eg, 1953) has argued [ or supports the impo 

habits in memory, the work of M at ® study would give such a ^S u 
tance of conceptual memory The pre w hen ver bal um s 

ful, support I P „ short, it ^ ** - 

converging implicit * . d oes indeed overlap 

particular units results Verbal S 

concept formation and utilization 

FACTORS INFLUENCING ASSOCIATIVE I « ^ ^ ^ 

In the previous section factors were dossed wbie -W bOTg a paued 
tant in learning responses as such, 
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associate list In this section attention will be directed toward factors 
insolved in attaching a particular response term to a particular stimulus 
term The interest remains primarily in attempting to identify phenomena 
which hate generality beyond the area of rote verbal learning 


Stimulus Selection 

In the previous section comments were made about response coding 
The first consideration is to recognize that just as m the case of a response 
term, the stimulus term that appears on the memory drum does not become 
associated with the response term The association is initiated by whatever 
representation the stimulus term produces m the mind of the S This 
stimulus term representation may, theoretically at least, be associated di 
rectly with the response term representation although as later discussion 
will make clear there is considerable evidence that it may not be quite that 
simple, at least with certain materials 

In the usual paired associate procedure the S must produce the response 
as represented to him While codmg and decoding may be involved in this, 
he ne\erthelcss is forced to produce the response In the case of the stimulus 
term, the usual paired associate procedure does not require its production 
Thus, the S may code the stimulus term without ever having to decode it- 
The facts seem to be that in certain situations the 5 selects aspects of the 
stimulus situation and this selected portion becomes the basis on which 
the association between the stimulus and response term is established Evi 
dcncc for such selection has been reviewed elsewhere (Underwood, 1963) 
and will not be repeated here It may be mentioned that to recognize that 
sUmulus selection may occur places quite a different perspective on certain 
experiments in rote learning, such as those dealing with context effects on 
retention 


The fact that stimulus selection may occur m another illustration of 
how we cannot conceive of the adult 5s in our experiments as being passive 
organisms upon whose minds we inscribe associations They bring to the 
situanon well-developed habits of learning and they impose these habits on 

concemmT'tfc S n0tCd earlier ’ 5s can ma ^ e amazingly acute judg®- nts 
3 * e Ca ^ c or dlffic *% of learning verbal units Thus, if the 5 «s 
tv .0 elemrnt^ 3ire 25Sociatc las ^ ,n ^hich each stimulus term consists of 

Ingram u u C °T° n thrce leMer word ’ and the other a dlfficuU 
*ord stimuli and * at most of * e associations develop between the 

and n0t betwcen and 1 c 

knows he can < , Ham & Ekstrand, 1962) To say that the S 

not be completel^satKfactarv U * ^ * ord gather than the trigram m3) 
word chats an iL h ^ ma y he more appropriate to saj that the 
an mmcdtatc and *able representational response whereas the 
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Ingram docs no. In anj men., .. .s qu„c dear .ha. what has been here 

called stimulus selection occurs , in 

The problem of stimulus sclccuon m simple dKenmmahon lc^rng 
animals has been a pers.s.en. one although often ■£"ored for it .s like^to 

produce pesky concepts like »«««“ ^"Jcm consider the cue value 
enticizcd recently by Dodwcll (1961 > lcast preferences for 
or coding aspects of various st.mul. That thcre ^ m the 

dealing with certain stimuli °' cr °* e " ' 5 fc when different sets 

arci of concent formation and problem s S solution to a prob- 

of stimuli have logically equal probabihucs o pr » certain sets of 
lem ,s found that there are biases towa « formation by 
stimuh tn preference to ' othcrs M «^dcarly dmonstratn stimulus selec 
Shepard, Ho\ land, and Jenkins (1961) y mentallv for different 

tion That such selection can be developed P ^954) So> the 

dimensions has been shown by Eehstrand and W.Acns 
problem of stimulus selection is a fan y , scusslon indicates that Ss 

Prefer cnee vr core of fcnrn, n S 0ne of our stated 
may prefer to deal with certain stimuli w as t j, at the 5 selects a 

implications of stimulus selection in vc . rtlon j 5tl mulus because past 
portion of the stimulus complex as the {aster with one particular 

experience has shown him that 1 « n ™£ ' bc tnie so me situations but it 
component than with another This ) general principle Som 

need not be, indeed should no. be, ^ c " “ * ® ate[o , m no. confusing 
scattered evidence suggests that we which is another side o 

preferences with case of learning, a is ^ evl dence will be mentione 
performance learning distmcuon Tbre EPstrand 1962) compo 

In a reccn, study (Underwood. Ham ^ components of each 

stimuh were used in a paired associ other componen 

compound was a common * re = ,cl,Cr ' V0 ' d ch r ec, angle being of a distmc 
rectangular frame surrounding the wo > were tra nsferre 

live color The 5s learned the list and tbmi “performance on the . 
in which only the colored frames we h than with the co o 

task was significantly better with words a sum & 5elected the wo ds » ^ 
as stimuli This led to the conclus.onth ^ interpre tat.on might J> ^ ^ 
functional stimuli than selecte becau se the experience [S ]f 

words were selected more fre< I“'" y f aster with words than * o[ Ss were 
him to believe his learning wou [or when new gr P , the 

this ,s so, it did not work out m words were used as stimu 

used in which either the color ' ra e Postman and 

learning proceeded at about t e d f ro m the wor three 

A second rllustration may ^ f '^;“ nvest , gators the units were 

Riley (1957) In the lists used by these 



gg Benton J. Underwood 

digit numbers or nonsense syllables If the stimulus terms and response 
terms were both numbers, or both syllables, they were called like pairs If 
the stimulus term was a number and the response term a syllable, or the 
reverse, they were called unlike pairs Some lists were constructed in which 
all pairs were like pairs and other lists were made up m which all pairs 
were unlike pairs In addition, mixed lists were used m which half the pairs 
were like and half unlike The results of this experiment show that in a 
mixed list consisting of four like items and four unlike items, the like items 
produced a critenon of perfect learning (all correct on a single trial) sig- 
nificantly sooner than was the case for the u nlik e pairs However, when the 
entire list was made up of like pairs or of unlike pairs, there was no differ- 
ence observed m attaining one perfect tnal The same results were obtained 
in a subsequent experiment (Postman, personal communication). 

These results suggest that the 5s had a preference for dealing with like 
pairs but that in fact such pairs are no easier to learn than unlike pairs 
When the 5 is given a mixed list consisting of like and unlike pairs he 
cannot learn all items on a single trial, in a sense, he has to start somewhere 
and apparcntl) the bias is toward starting with like pairs 

In still another study (Karwoski, 1931), 12 two-digit numbers were 
presented to 5s The variable was the size of the print, being small, medium, 
or large pnnt sizes When the list consisted of items having all the same 
print size there was no difference in rate of learning When, however, a 
mixed list was used in which four numbers appeared m small pnnt, four in 
medium, and four in large, the large numbers show a clear initial advantage 
m performance over the small and medium numbers 

Two conclusions from the above facts may be drawn First, m all areas 
of learning where applicable we must draw a distinction between preferences 
lor dealing with particular stimuli and the rate at which those stimuli ma) 
enter into associations The second conclusion deals most directly with 
? fact ^ m at lea * study of transfer (Twedt 5. 

JTtTi’ 1959) JJ 1C same results were obtained with mixed and un- 
With 1115 results V,e ha%e just Cited suggest that the finding 

£,lfr' SnS , n ? y n0t haVC 8'”=^ When tasks vanables are 
of l-amino CS, ^ n ma ^ * eac * to erroneou s conclusions about rates 

mcasurcd 15 prefercncc for dea,fflS 

Mediation 

ng i! no exception hire 0 " f*" 5 ° f le2mul & mid ' erbal lrar ”' 

cal constructs wh-n anni d f CXlCnt * msdia,m g mechanisms are theoreti- 
cs when anted to animal learning (e g , the fractional antia- 



69 


Rote Learning 

patoty goal response), and they retammuch of the same status when 
applied to human learning of various Itnds ^ fc media „ on 

In paired associate learning there is tittle d t to link 

occurs Subjects too consistently reporn e use “ .anon to deny the 

the stimulus representation and the po dq P q _ 9 ^ ^ may use a 
basic processes Thus, if a pair in a t CAT t0 NINE 

mediating term CAT, the association ™" nl "S f ™ , bcWccn DOO and 

since some already pre consider a transfer situation in 

CAT and between CAT and cy ^ (hen m the secon d j Bt is 

which in the first list the S learns DA/ rRarnes & Underwood 

asked to leant DAX — TR1GID In one caper, meat (Barnes^ ^ fcy 
1959), 94 out of 96 Ss reported the seen ’ h cham ]n th e second list 

using the first list response asa mciator so ^ ^ roeasurcs supported 

performance was DAX — ICY * , second list was essen 

the reports given by the Ss (c g , P**™” In s hort as far as simple 
bally perfect on the first anticipa Jo|lW lhat there are reportable 

mediation is concerned there seems to notlons ot mediation Thus 

and measurable counterparts of the favorable conditions the 

in verbal learning ,t is clear that at leas* ender^ ^ formcd byact , va 
association between the stimulus an P ^ expectations concerning 
non ot already established associations TO ^ £ rfu , eBect has been 
the effects ot mediation do not »«£ ® ‘ o( M mnesota (e g Horton 4 
clear in some of the work at the research on media 10 

hjeldergaard 1961) where a great deal 

verbal learning has been ccntcrc mediation has seemed o 

The heavy emphasis m recent years o , he young adult do 

little room for new or raw ossocianve leammg __ ^ association he 
we ever study the development rom lhe representation of die 

tween the representation of the is ' seriously the answer 

response lem? If we are to take & ome term being pa «d 

Subjects will report that the sbmulus andj J ^ mediating 

gclher on several trials finally ju g ° c i in ed to accept t 
term of any kmd The present wn.er IS .ncl^ ^ necessary thajj®; 
representing a true state of a at development of 3SS ° r](cr ls 

such process be used to acco»»> for ne present™^ 

tween the letters of difficult igr sonie associations m reS p 0 nse 

quite willing to accept the i e contiguity of sumu u n£tworks 0 f 

experiments are developed J ouf & have enorm ob!cr ve is 

terms While accepting th = fac ‘ , tba , all of the learamg ^ must be 
associations it does not se 0 f 0 ld associa 

simply the utd, ration and strengthen.^ 
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some new learning In any et.ent, there does not seem to be evidence to 
justify letting the notion of mediation get out of hand 

Verbal mediators are being used in explanatory accounts of learning in 
other areas Goss (1961) has examined these and so they need not be 
reviewed here It is sufficient to say by way of summary that not only do 
mediators play a role m associating stimulus and response terms in paired 
associate lists but aho that the mechanism per se apparently has wide ap- 
plicability to other areas of research in human learning 


Intrahst Stimulus and Response Similarity 

In considering how an associauon is established between the stimulus 
and response term in paired associate lists probably no variable looms so 
important as intralist similarity We have already seen how intrahst response 
similarity may facilitate response acquisition, but the very mechanism by 
which this facihtauon takes place will retard the development of specific 
stimulus response associations Likewise, similarity among stimuli will retard 
the development of specific associations 

Basically, mtrahst stimulus similarity must produce an inhibitory effect 
because the initial representational responses to stimulus terms are similar 
if not identical Thus, the S ' s difficulty comes about m developing a unique 
representational response to each term or a unique mediational response 
If the similarity is great enough the necessary discr imin ations are some 
times impossible For example, we have used paired associate lists consist 
mg of only four pans of consonant syllables but having high mterstimulus, 
Ti ,n l crrcs ponsc, and high stimulus-response s imil arity (Underwood & 
Richardson, 1957) An appreciable number of college students were unable 
to leam such a list in 150 trials 

jIJ’L m:im P ula “ on of “Kralist similarity m setbal learning results m 
„„ m “ mlmber ot subpbenomena Some of these exert a positne effect 
Icarnim- ^ s ™ 1,ar,t y ‘"creases a facilitating effect on response 

eX Leaner, ^ "" Eil ° f ,h = ^phenomeJa is, of course, gen 

(Underwood I 953 i m ?! SOm ' ° f <ile occas,0 " al puzzling results 
Will alwavs be U , shoT ? d not ** assumed that the neeame effects 

P»>"« cataloguing of fliese sanous 
to the manipulation of C ^ l ' en here since most of them seem to be limited 
S m ' Crbal le ™S studies An exception 

all areas or human'k^ has bccn manipulated in tasks across 

sutcmlv m tb- literature ®J° rdmaU ?S concept which appears con 
1960) Yet the umfvinn ZlO* °; ^nerahzation (Medmck & Freedman 
ram ro-amnos ° f **“* “^P 1 may be illusory since it has 

P enting some distinctiveness in the assumed mod- 
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discussion , following illustrations the 

Conceptualizations of generalisation In ^ term Slim lanty 

references will be to various *a>s I l^S^Uon may operate Without 
and (he corresponding ways in which £ d that die same forms of 

further reference lo (he mailer, .1 vv.ll be assumed urn m d 

operation may occur when response term s ? m nature Thus, 

Tlic classical conception of £ cncra ' . El , clt ,he same response, 

usual stimuli of nearly the same ' “““ be E responde d to m identical fashion 
or forms of nearly the same shape y I* ’ , this wou id occur 

With strictly verbal materials the inea es ^ “PP™”" 1 ""” tw0 stimulus 

with low meaningful consonant sy ’ tenns have perceptual 

terms were WJG and WGJ Not on y ]d prod uce high over 

similarity but a spelled representational «P °” * ’ nse s to the two 

lap for the two units Both the "^^'“^sen.ational response 
units would converge to pr° du « ^ 1D app iy the notion that as a 
Given this situation, it is q ultc P® t]ie ot her, there is a spread of 
response becomes associated wit different responses are 

executory or associative , strc ”S*'° ‘^“earning should result The rep 
required to the two stimuli, , " Krf “ e dimension is probably not pos 

resentation of the similarity along W |an , e x,sts ,n this situa 

sible but that a complex dimension of sensory 

non seems quite reasonable meaningful similarity, say, ru 

Next, consider two words which have tnc^ „ e con s,dered veiy 

and COLD It seems clear that dies cba nism would sut * ™ 

^mechanism could 

elicit common responses on ^ perhaps complex me P^ what 

would clearly have a highly sl^^P Thls seems »be wMe the 

by the representation of m n 957) mean by mean 8 associated 

Osgood, Sue. and Tannenbaum (195 n ^ (h0 J « 

nature of the dimensions rfstm, d Tone step ^"o^emt.on 

with sensory genera: rtheless could have the same produce inter 

tional response, it nevertheless c ^ simdanty may F 

There is another method by wmc 
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ference for two such words as ICY and COLD Highly synonymous words 
have high associative connection (Haagen, 1949) Thus, if an association 
develops between ICY and its response term, when COLD is presented the 
sequence of associations may run from COLD to ICY to the response term 
for ICY In the usual sense, this would not be called sensory generalization 
Still another mode of operation could be assumed which is somewhat 
more complex but combines both mechanisms already mentioned Why do 
two words, similar in meaning, have high associative connection? Perhaps 
the association is not direct Let it be assumed again that ICY develops 
some associative strength with its response term in a paired-associate list 
Now, when COLD is presented, the association may run from COLD to 
a mediating response which leads to ICY and then to the response term 
associated with ICY 

Consider another case of similarity where assumptions of a common 
mediator seem a little more firm than is the case where synonymous words 
are involved In an analysis made earlier of the recall of lists (Table 1) 
having sets of items with conceptual similarity, it was argued that the 
category name mediated the recall In a further experiment (Underwood & 
Schulz, 1961) these kinds of material were used in paired associate lists 
and learning was studied over several trials In one list four items represent- 
ing one concept were stimulus terms and four items representing a different 
concept were paired as response terms Thus, four animal names were 
paired with the names of four countries There were four such sets of pair- 
ings m the list for a total of 16 pairs The learning of such a list proved 
extraordinarily difficult As judged by the errors, the learning of the concept 
painngs was almost immediate, 97% of the overt errors, of which there 
were , were good errors, e g , a country name was given to an am 
J JJ 3 ™ dlscn minating which particular animal name went with 

^ C ° UnUy W “ Very dlfficult 11 was as if the gross mediating 
devdonment nf names ^ were s° strong that they interfered with the 
to fullv undcr^fT°H C i? rCClSe dlscnm,natlons While further study is needed 
seem a ^™- **' ■ coraraon 

gest m turn that the notion of 
(the ICY — COLD illustrate 
may be a mediator without 


thTMtf^ . 1S m »° lved m a ne g a hve manner This might sug 
(the ICY mt r» e .n° '.° n ° 3 common mediator for meaningful similarity 
'^-COLD lustration given earlier) would be qurte tenable, bunt 


r conceptual similarity 
The above discussion ot various 
conceived results 


a verbal counterpart such as seems to be the 


ways by which generalization may be 


by which features Looking across all the wa>s 

must produce its elTecUxcau^ P f ulated * A ma y ** suggested that similarity 
response or because or the , , scnsor y similarity of the representational 

ot the similarity ot the response (the mediator) to the 
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, tt,.t even if these basic commonalities are 

Generalization reduction Given J does , he J subjec , nd 

and interpreted as being due to gene 1 ^ informatlon on this When 

himself of these interferences \ ' , [eDr e S1: ntational responses 

the interference is produced by the — tcdJce the 
it seems reasonable to expect that Ie( ] ucll0 „ 0 f the range 

similarity Another possibility "° uU b , men , 0 f errors For a num 
of the gradient of generalization by n for spont aneous recoveiy of 

ber of reasons including the Jack o unlikely that this interpreta 

generalization (Underwood 19 ), ^ f When similarity produces 

r = " zstt* *- *■— if ,hey 

do indeed occur f a variable that is manipu 

As noted earlier similarity in some for « ^ of , bt . van0U s prob 

lated in all areas of hum ^ n l J . carn ‘ ' \ a ve ry useful organizing technique 

lems noted above Mill probably serve as ^ , he various situations 

for bringing more unity into the learning observe 
in which human learning is studied 

SUMMARY AND GENERAL COMMENTS 
In ft, paper certain rf ^ 

par. in the other areas I " on J 7 " a fact that m paired asso atejea^m 
devoted to backward associate as extent b ld,rl:clI ° 

ing the associations which deve ° ^ term but the “ ” 

only will the stimulus term dw» ^ ^ ,o eyehTeond. 

will elicit the stimulus term areas of research (e g : J , tl0n 

associations for certain tasks )0 bc]u , v e that in con cep ^ ^ 

tiomng pursuit rotor) t ere ^ bidirectiona , 0 flnd cv i 

problem solving and , t is difficult at omitted 

rule The expectations are such phenomena have b ^ ^ 

dence for them So to a a S paper written five y e perceptive 

the above discussion £ P inctade d by Cher more p 

include them Indeed y one ma y ask 

participants in this eon ® e a „ eB ipts in feme y 
Lookmg at possible int g 
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what factors in the past have seemed to be responsible for the relative isola- 
tion of work in the various areas of learning It is the opinion of the present 
writer that there is one basic habit pattern possessed by most of us which 
tends to restrict us, this is a severe adherence to particular methods of 
investigation While this behavior may be quite understandable, and while 
standardized methods may have many merits, their possible evils cannot 
be gainsaid Standardization of methods m its most severe form may have 
produced or contributed to the very problem this conference is intending 
to resolve Some expansion on this point is obviously required 
Learning theories, as developed m the animal learning laboratory, have 
never seemed to the writer to have much relevance to the behavior of a 
subject m learning a list of paired associates The emphasis upon the role 
of a pellet of food or a sip of water in the white rat s acquiring a response 
somehow never quite seemed to make contact with the human S learning 


to say VXK when the stimulus DOF was presented Furthermore, it does 
not seem to me that anyone else has been able to show these relationships 
m any substantial way Are we to accept a conclusion that we will have 
different principles of learning for different species 7 Most of us would not 
accept this anj more than we would accept the idea that we will have 
fundamentally different principles for different forms of human learning 
Our so-called standardized tasks are very contrived and over the years 
have been simplified and refined They are contrived to allow only a 
limited range of behavior to be exhibited and they are simplified to allow 
specific stimulus response relationships to be derived and to be repeatable 
from one laboratory to another Certain response measures, and these 
a one, arc recorded The many virtues present m this system are quite 
mam cst, t c dangers less so The highly standardized situations allow the 
n'r u! Ct l!l 131 ° r man ’ to beha%e m only a particular way and the range 
anoihtr^WfcT 10 °^ C atuataon ma y not overlap the behavior allowed in 
not found 3 t0 3 * JasIC Phenomenon in one situation is 

the na ' ure ° [ ,te other situation is not such 
as to allow the phenomenon to be produced 

Skinner Box nnH contact betwee n theories based on a rat in a 

to find Coukl ti, \ r° r ° f 3n S before a memory drum are difficult 
certain pnncloli^ t% ° SItuatlons sSnpIy do not allow 

example, the writer oncpTT t ° c bC °P eratne ,n a maximal manner 7 For 
which was essentially a ftp an Sconduct an experiment in verbal learning 
Schulz, I960 pp 273-07«f*^ ram Jearmn S procedure (Underwood & 
m the traditional ^ was P rc sented stimulus terms just as 

responses these bcim? mcthod hot he was to supply his own 

g tncted to three letter words The S was required 
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to attic!) a particular response to a parttcular sttmulus "Wk « 

sttmulus for two or three trials “^’ hc "'‘ '“ h ^^°m,°h. come much 
migrate to another stimulus It is very p learning than we do 

closer to real, ring the role of “‘"X ^ response® to the same 
in the standard situation if, "hen the e sa y, n g ng ht ’ when 

stimulus, say, on two trials, the expen , u b S cqucnt trials Perhaps if 
the response was given to the stimuu w( J d facilltate the rate of 

r^nTbuKd wer^ the operant eond.tioning curves associated 

range of behavior to occur This may be t J ^ „ glvcn response 

sistent use of a gi\cn task go p measurc is ignored and even 

measure Behavior which docs not ** * , ,he folklore of the 

scorned, with only the more drama, ,c ^ form 8 cd m a str a,ght 

laboratory The , nvcst, gator who is s udymg^ ^1 „ t „ es down m 

alley os a function of Variable X _ whenever an S fails to 

the alley and goes to sleep In „. er , m enter must note the facts o 
complete the task for any reason, P experiment where dif 

the ease on the record sheet °“ ‘ Nation About half way 

ficult lists were involved “'‘S tas sea, muttered To hell 

through the experiment the s^et rose hom ^ noted was 

rsns- .o - « - * was suppo ; ed 

are no, alert 

S for rr&t.nue l =g 

S who stalked out of the «P c "“ n ^ , ros , ration and withdrawal behavio 

s ho„,d g ,veusa.eadforthertudy v OMr us ^ ^ ^pothe^on 

Perhaps the talkative S P |a j behavior Wh t bat 

memory drum as an "““S® be talcen a s illustrations o ' ^ fonn 0 f 
cetious and extreme, t ey 5^^ we measure only ' a ■ ade q U ately 

our standard situations, hom w ^ 0 ur inability to relate 

behavior, may be in P art r£s P , ][)n that m another , vchlc le for 
the learning behavior in one ^ ycars becom =s 

The standard task when use 
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which pitfalls are known and we are thus much more able to avoid errors 
of method We feel at home with such tasks But the task may become 
synonymous with the conceptual notions of behavior we are trying to 
understand, and this can be an evil As discussed earlier, mediation is 
being given considerable prominence in verbal learning as well as m other 
areas In paired associate learning the * standard ’ rate of presentation is 
2 2 sec , that is, 2 sec for the presentation of the stimulus and the anticipa 
tion of the response and 2 sec for the presentation of the stimulus and 
response terms together If mediation of any degree of complexity is con 
sidered and is asserted to have a reality in the association processes of the 
S, it is quite clear that a 2 sec anticipation interval is simply insufficient 
time for a chain of associations to be ' run off ” Yet, how many studies have 
increased the anticipation interval to allow for this 7 Very few, and yet we 
get studies which conclude that if mediation does occur it has little or no 
effect on the rate of learning How can mediation be expected to influence 
learning when the situation is such as not to allow time for mediation to 
occur 

If in the science of learning we have anything approaching ‘ break 
throughs’ it may be because these occur when the investigator is able to 
throw off the shackles imposed by standardized procedures For example, 
the innovation of dropping out items as introduced by Rock (1957) has 
led to a great deal of research which is resulting in a much better under 
standing of item selection processes and intrahst effects That Rock’s theo- 
rcucal conclusions may be quite unjustified is quite beside the point, we 
know more about verbal learning than we did and it is doubtful if our 
knowledge would have taken this direction had it not been for Rocks 
rastic variation m method Breaking away from a standardized procedure 
* aangpnnn for Ac mvcstl S ator 15 often likely to think that the behavior 
, t . l CW s,tuaUon TOU be the same as it was m the standard 

new fnrrnc "r v If ** the P° int name ty. that new situations may introduce 
bchaV f or 0%er Md ^ve those we expect and by just this 

Uon and rJ! TCa ? ? Ut f° previouslj unrelated area of investiga 

non and prov ide a bridge between the two 

will be S mcf witb C rt. CCtUa ' 1C ' Cl 11 * S doubdul lf any serious disagreements 
method T° n lhat * C shou1d *>t take our standardized 

action Our thinking ^ ^ ^ have dlfficult y translating such into 

■' difficult Undoubtedly^ is mOT ‘° S' S,andard S ' luatlons ,ha ' t0 cl,an --' : 
m method «t bang b-' . P le:is ' rl e to lc > what cha "£ cs 

be equally instructive d ^ theoreUcal considerations, but it ma> 

V, our standards procedures and say. 

changed In the discuss, on ^ ®" c chan S ed 01 ,hat "f C 

crbal learning m this paper it was clear that 
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one of .ho processes of leanung involved the extinct, on of old hate The 
invest, gator in a science is a leamcr-an S, some of lus hab.ts may also 
need periodic extinction 
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The Centrality of Verbal Learning 
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, fenr ,ha« for me ,o discuss the spcc,fics-.hc — ^ 
jngs— of 'crbal learning following a pap so l shall let the 

hkc carrying a «iy P****** the ^ gcne ral matters that he has 
specifics go and concern mjseM basic reasoning behind this 

ra.scd The first of thKc deMs h h co y ramuna , shanng of prme.plcs 
conference, the question of the degree multiplicity of tasks 

“• ,F “ 

UN ,TV VS D, VERS, IT OF LEARNING PROCESS 

My attitude toward the first oMhese topics^ predicta ^ ^ tune— in 
academic history, for I was a s offered three major varieties o 

the 1930 s— the multiplicityprop r jearning and 

learning the conditioned reflex trial d h0 , Dashiell had 

short, the war between Behaviorism and Ges.a ^ of Learning 

published in 1935 a paper enutlea A s the possibilities of finding sum 
Theories' m which he presumably different kinds of 

larities rather than differences g 2?5) rea d as follows 
learning Part of his cone usion ’ atores and as these sup 

All such extreme of ta-jj td I't 

posedly differentiating r “ dispara teness and contra 1 ^ seems a 

of learning lose some h of a u learning phenomena S 
scnptton and mterpretat.cn of 

;w~— rs — 

now more often cane , 
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1941) — which contribute m varying degree to the performance on the 
multiplicity of learning situations with which we can be confronted 
It is perfectly obvious that the number of these tasks approaches the 
infinite and to assume that each one has its own laws would be to say that 
we cannot reduce the complexity of the behavioral universe Were such 
the case I think we would not be scientists, for the aim of a science is not 
only to find order m things, but to simplify and to do with as few concepts 
as possible This aim toward parsimony, as well perhaps as the desire for 
the aesthetic thrill which comes from reducing the complicated to the 
simple (as mathematics so nicely exemplifies), should prevent us from ac- 
cepting too readily a position of multiplicity of learning processes It should 
lead to the type of realistic dissatisfaction that pushes one to try other 
means and other formulations which are as effective in prediction but 
which achieve the same degree of precision with a greater economy of 
concept Perhaps, of course, this may be impossible of attainment, but 
there is no reason to accept defeat without trying Thus it seems to me, 
as obviously it also does to Underwood, that the search for continuity 
across all human learning if not within our grasp should always be the 
aim of our reach, and that we should be chary of accepting a conclusion of 
a multiplicity of independent learning situations, though still, of course, 
prepared to accept the multiplicity conclusion if a more parsimonious one 
fails to account for the data 


Since it is undoubtedly agreed that one need not generate an independent 
set of principles for each learning situation, and that we should seek for 
simplicity, the problem arises of finding criteria which convince us that 
one class of learning situation requires a set of principles which are inde- 
pendent of some other, or at least independent m one or two respects I 
1 * f the Vahd a PP roach »s one that demonstrates that the R = f(s) 
aws tor t c antecedent conditions, and the nature of their relationship to 
Ihc psjchobgol construct) arc different m one class of situation from 
arucle ‘nrhrr ‘"t a ?? hcr J* 115 a PP roach wa * used by Tolman (1949) m b* 
from this rnn/* S u* t, 11130 ° 0e Kind °* Lcamin g” mid some examples 
of the . Wl , luslrate lhe meaning of the statement In speaking 

mlrimem T” ° f * P° SU,Ve cath «*. a concept similar to secondary 
thlt h = ^ » .s ever, or at least much, 

this true ot ne"it m ' rC P 3SS3 S C °E time and lack oE exercise So also is 
states “true Eorgettmfo Tl rKpeC1 ‘° F ‘ C,d E *F i: ' 3nc ' K ’ he . 
time) dor, ,al c ph ® c ' ’ -ht?" 6 ,? “ ^ ot Ul ' mCre paSS3£C °f 

la»xtth,chlheO«taUpsschoW P S ot,v,oust y ob «> s thc ^ f 
associatiomstic ones" (Tolmm uncmercd and not ft' old sim P ' 

Telmans ihmW J '^ 9 ' P 152 > It ss clear, therefore, that in 

S lhc P roccdu ' 3 ' operations ixhich arc required for the 
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decrement in strength of one of these processes are different from those of 
the other Another example in Tolman s system of the disparateness of ante- 
cedent conditions is found m the acquisition of field expectancies 
me cathcxcs Tor the former, drive reduction is irrelevant and the re info 
me imcnt plays a relatively minor role, but with respect to the acquisition of 
S C c^„ states, ha, 

S,.ls e rc1a"d n .o 'vaniion oi one hind of learning differed from those 
0f Spent 0956, has used the same approach in 

instrumental a\oidancc situation of >P ' P , animal scurrying 

conditioning from an approach learning repre fi the antecedent 

down a runway for its daily pellet Spence '^l^sSsll in fte latter 
of H (the intervening variable leading to the ru g P m the former 
case is a function only of N and no, of mce^ ^ ^ ^ of magmtud e 

it— the intervening variable H 1 describe the excitatory com- 

of the UCS This conclusion leads him lo ^ ^ mtervemng variables, 

ponent of behavior, E, as being __ nf i ltl0n , n£ ; js concerned, while the 
H and D, insofar as classical mw - « three ,„l=r- 

excitatory component of runway behavior requires, 
vening variables, 11, D, and K conclusion which these men 

Whether one agrees with the ulti concem „ present , the 

draw about hinds of learning is not a m ^ ^ ^ acceptabIe criterion 
point is that they are using what different situations or hinds 

for concluding whether or not the lea™ g^ ]earmng Wlthou , such a 
of responses should be called iff ^ ^ m , sled by sup erficials and stray 
rigorous criterion as tins one y 

from the path of scientific r.ghteousnes ^ (0 scek pars ,mony and a 
Since I must assume that our in '= y sholl ld speculate on the 

sort of classical punty m theory “2““ own to garden path of pro 
blandishments and deceits which _ te ° d so me of these, he ■■dressed 

miscuous theorizing Underwork hasmenh standardized tashs, and I 

tor example, the blending and binding , add M d/or empha 

do not think there are many who gainsay 


„r knowledge, an inadequacy 
re is to begin with to inadequacy rfU inve £ lgaU(m „ so new 

iXjrUE Sr— 


size a few more 
There is to begin 
which 
that we 
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for the investigation of short term memory, the Petersons (1959) could 
find no evidence for proactive inhibition as a variable accounting for their 
obtained decline in retention This negative finding implied that short term 
memory and long term memory were not a function of the same vanables 
and hence could be considered as fundamentally different from each other 
Later research by Kcppel and Underwood (1962) has demonstrated pro- 
active inhibition is mdeed a powerful variable in the Petersons’ short term 
memory paradigm, but particular aspects of the Petersons’ procedure had 
masked its manifestation Thus, as additional data became available, an 
earlier distinction between types of psychological phenomenon did not 
seem to be required 

1 need touch but shortly on my next point since Underwood also has 
mentioned it, for it has to do with the nature of the task We ordinarily 


develop, invent, or contrive tasks so as to emphasize some aspect of be- 
havior in which we are interested In a given environment — in this case the 
experimental task — there is only a limited number of behavioral charac- 
teristics which can be evoked or measured and so the knowledge derived 
by the experimenter must m turn be limited The ordinary classical condi- 
tioning situation tells us little about stimulus selection, for not much of a 
problem in stimulus selection is given to the 5 as he sits in a darkened, 
silenced room with earphones on his head awaiting the onset of the tone 
which precedes the shock Ivor can the Skinner Box research readily deny 
a relationship between stimulus and response for instrumental learning m 
general when E has only a general control over S*s stimulus environment, 
the control being established only by putting S in the box Interestingly 
enough, when the Skinnerian begins to work with S D s and S A ’s, he begins 
to talk about tht_ stimulus controlling S’s behavior, which is suspiciously 
similar to the Pavlovians’ statement that the CS elicits the CR The fact 
that two tasks may differ in the sense that a particular psychological dunen 
sion is present m one and not in the other may mean that a theoretical ac- 
count of the behavior in one task will include terms which are not required 
tor the theoretical dcscnpUon of the other A condition of this sort, how 

dc f n l Md thc inclusion that the two tasks represent basically 
umerent kinds of learning processes r 

thf^bn^'T.ir! d ‘ ffic ' dl y arises from the characteristics that 

formance ^ Wa * thcsc characteristics interact with per 

tnecn the ncrfn™ * I94 V h “ stnk,n S'> demonstrated the diflerence be- 
“ n orob,™ °‘ m ° nU)S aI,sr onl > “ groups of dtsenmuta- 

tatedt oll, 3 ' mm> " °“ r st “ d y «' discrimination learning «re 
quite diflcrent fteon "t " “ lh ' 5o P lmucal 0 d mumals *= rrnght deselop 

the class o[ S used There a^° U r' ^ obUmcd da,a - d epen d “S u P° n 
mere arc, of course, other hinds of important subject 
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variables, and these may m.cract w.th the .ash m such a way as to imply 
that the task laws differ when in fact this interpretation may not be neces 
X “ E tan found that the greater res, stance to ev«n = e 
partial retnforccment as opposed to eont.nuousholds tithe rewards are 
viewed as being somewhat fortuitous!) g.™ ^0^, & 196I) 

considered to be a function of skill (Rot i«umine that the 

The authors arc able to interpret these findings > h the 

laws of learning differ for a shilled nnd ' * “ ' ^ task 

basis of what S considers the reinforcement to be in thes yp 

In summary I hate tahen the position that ^ * pIOC 
quired eventually to conclude that t ere ajc ed wltIl0Ut careful 

esses it is not a conclusion which s ou ^ c!m bc demonstrated 

scrutiny The conclusion can be justi ic ^ 1S a function in one 
that the antecedent conditions of whic p of th£ other c i ass But 

class of situation are essenttally difTercn ^ assured that the gen 

even before this conclusion » drawn o^ ^ outgrowt h of the limited 
cralization about learning proccs hmited hnowledge of all the 

scope of the tashs under consideration nor of limiteo 

variables influencing these tasks 

T„C CCNTRAUTV OF VCRUAL UARN.NO 

Now I would lihe to comment "P™ f nd 

the worh in verbal learning d lbat lt 1S shoot 

squarely m the center of all human all areas of 

mg out phenomenon and theories ^' ch are slud “ f the thought proe 
human learning from simple conditioning to 

esses (p 52) rtent of his use of the verbal response 

As a species man is un.que in the exte our environment and 

system and most of our achrevem^ “ 6 6^ ^ be ottr , bated 

even our very selves from the '°“ f tb is response system Ce 
to our competence and P rec f°" " L““ S ls the study of the l-md of be 
tainly then the study of v “ b „ 3 ' ‘“™" thc human from other 
havior which most clearly di er ' behavior which perva 
animals and it is the study of our s In th s en« 

be made to probe into near y or P j avo red candidate for 33 ( 

then verbal learning stands as the ^ further he spec** 

human learning But Underwood has^e^ ^ probably the rote ^ 

verbal learning not just ver Jed lts detracters to a )jke 

actenstic of these studies w 1,11 narrow stenie cons ,denng 

Of being as Unde^oml — - begm b, cons 
My effort to evaluate Unuerw 
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what categories we need employ to contain all of human learning The 
categories that 1 am going to suggest are not based upon response systems, 
but rather upon activities which are functionally important in determining 
the organism’s commerce with his environment There is no pretense of 
originality and they are included in some form or another rn Tolman s 
list” (1949) but I do not wish to imply that they necessarily represent dif 
ferent kinds of learning They are without question, however, different 
ps)chological processes which contribute to overall performance and which 
are modifiable or learnable 

Four categories will do for m) purposes (1 ) The first I will call motna 
lional learning It is the acquisition of predispositions toward particular 
things and states of affairs It includes predispositions to approach and 
predispositions to avoid (2) The second consists of defining or — to bor- 
row a word from Dewej — constituting the stimuli qua stimuli It is a 
learning by the organism of how the complexities of the impinging physi- 
cal energies may be ordered, simplified, or differentiated one from another 
(3) The third is response learning, the acquisition and ordering of the 
motor coordinations which constitute the action of the organism on its en 
vironment (4) The fourth, of course, is instrumental learning It is a form 
of particularizing a relationship between a stimulus, a response, and a 
motive That is, it is a learning which is valid for the organism only if the 
end result of responding changes in a favorable way the relationship be- 
tween the consequence of responding and the previously activated per- 
sonalized states of the organism, l e , his current motivation It is a land 
of learning which makes no sense unless the three — stimulus, response, and 
motive change — are considered together Stimulus learning can be con 
ceptually isolated, in the sense that possibly any stimulus can be at some 
time a cue for any response and hence maj be studied for itself, responses 
also have similar fickle characteristics— the same responses, or class of 
responses, maj be performed in the presence of a wide vanet) of stimuli 
and even motives The motives in turn may find means for appeasement 
t roug a variety of responses The instrumental learning situation, how- 
ever, contains an immediate and particularistic relationship between re- 
sponse and concurrent demands of the organism It is the study of factors 
encing this relationship which concerns us in instrumental learning 

V'rbal Learning and Vocational Learning 

f!"',' 1 !" rotc '«*»' learning light of these kinds of ac- 
anirnal l-am^rT l ^ Sald thal beaming theories, as developed in the 

““ t 'S r h3 ' e " C ' cr -O rc,e - 

enphavis n"*v>n tv' 0r r a 'abject in learning a list of paired associates The 
enphav., upon the role of a pellet of food or a s,p of wafer m the white 
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rats acquiring a response somehow ^stimuks DOF was 

with the human subject learning to say \ from a dlf 

presented (p 74) The « methodology- 

fercncc in organisms, or even pnmari ) jt wscs pnma nly because 

thouch this must contribute to some of directed toward an cxplo 

the rote verbal learning program is seldom if ever directed toward P 

ration of motivational learning „ tfemots to hold motivational 

Tjpicall), the verbal learning researcher * attempt^i w ^ similantyor 

variables constant while he manipulates su motivational states do 

presentation rate It is true of course t a v a . n „ studies as when one 
serve as the independent variables o ver (Miller & Estes 1961) 

studies the effects of different irngnitu i t o „ on task performance 

or level of anxict) (Spence, Tarber c _ nccroe d with the acquisition 
Investigations of this sort arc not how eve, therefore what I would 

of moUvational tendencies and t cy ar In CO ntrast rat re 

classify as studies investigating * ot,vatl °™ 1 J 0 the area of mot.va 
search has seemed to have moved more cnta j activities such as oc 

tional learning and a\vi> from studies delayed reaction equip 

cur m complex mazes discnin.nat.on boxesj ^ lack 0 f contact 

ment I suspect that Underwoods observaton ^ ^ coUeg e sophomores 
between the significance of the rat s food pel heavy emphasis on 

verbalization of a CCC arises to a ^ the animal studies 

motivational variables and motiva io f or °this problem in die 
contrasted with the relative lack of concern for P 
verbal learning f vie w of my bias towar 

Parenthetically, and from the P 01 , learning situations I t „ 

munahty of principles in different yp ch an d human verba f 

significant to note that althoug^ 13 th do have a common in T ^ 
may not communicate with cac ^ borrow generous y 

—the field of conditioning— for ooi teraC Uon that 

CeP .r,s my other three areas of 

rote verbal learning can make u i atl0 ns of potential s gnm 
learning and where thcorettcal ' them brtefly one at tan 
other tasks may be developed > Digere „„a„on 

Verbal Learn, ng and SI, mains Selection a hc ver bal learning th“ 

rtsts only lately, though it mos ^ Mu ners day * S “?L CS were given 

learning the lists even back in , because other P nee d for 

research on thts problem arose P 1 “Searcher tned to elmunate 
higher priorities and also because 
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stimulus selection as an aspect of the overall learning Usually the expert 
menter is quite specific in his statements to the S as to what the c ass o 
stimuli and responses in the particular task are, and so there wouldseeni 
to be little need for stimulus constituting or coding on the S ' s part The S, 
in short, should use the stimulus m the maimer m which the E makes it 
readily available to him However, as Underwood has remarked else 
where, * the college sophomore is a perfect confirmation of the law 
of least effort (1963, p 35) and he will reform or reconstitute the stimulus 
to suit his own tastes The recognition of the fact that processes of this 
sort do occur m the relatively simple verbal learning situation and that 
the nominal and the functional stimulus are not always identical estab 
lishes a common ground between a class of problems in the field of per 
ception and the field of leammg The potential advantage of this for the 
development of psychological theory is that the verbal learning theorist is 
in a position to study the process as it interacts with response learning as 
well as S — R formation He could also, by complicating the situation, 
move by gradual steps into the area of concept formation and problem 
solving 


Verbal Learning and Response Integration 
Somewhat the same can be said on the response mtegration side of the 
\crbal learning situation Its independent contribution to overall learning 
as well as that of the stimulus has been abundantly evidenced in the work 
of Underwood and Schulz (1960) Although I do not believe it is exactly 
like the response integration in the tracking situation, it shares enough m 
common with it to promise cross fertilization 


Verbal Learning and Instrumental Learning 

I would classify what is called the associative or hookup phase of 
, al learning under the rubric of instrumental leammg Instrumental 
earning ad described as an instance where stimulus, response, and 
nht^ne considcrcd together I assume that ordmanl) the S 

rao * ,ve satisfaction when he serbalizes a response and 
al res P° nsc show up immediately on the memory drum Thus 
mornc xntKf^T rcs P° nscs to P ar Hcular stimuli is instrumental in obtaining 
T ° f T St ° f Ss 11 » obvious that this final ac 
catcdfuncuon of proper response to each stimulus is a comph 

*r ne 

me a list of m.rrH - ^ ^ cno “ lcnon That each of these occurs while learn 
b\ McGuire mom , SSC ^ al£:s ** as recently been most cleverly demonstrated 
e \crbal learning situation seems to me to be a 
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uniquely effective one for studying the interactions of these three kinds 
of learning activities. 

Summary and Conclusion 

The primary eoneern of this dismission has been with eva.uation cf 
Underwood's statement that work in rote \cr a e S ssentially all of 
human learning. Working under the assump ton categories of 

human learning may be conceited of as falling m response leam- 

(1) motivational learning, (2) stimulus eons.ttut.ng h (3 
tag, and (4) instrumental learning, the contribution of verbal 

studies to each of these categories motivational learning are 

I. was concluded that studies dealing vv.lh ^ m far 

negligible in the field of verbal learning, It WK suggested that 

more characteristic of the work with lower use f u I {or investigating 

verbal Icamim’ situations seem to be especi / learning, and the 
interrelationships between stimulus 
final product of performance — stimulus-rcsp 
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WILLIAM K. ESTES 
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Like many other rartet.es of learning, probability leading. s et,si« Jo 
identify than to define The various familiar typ cs o o c j ustenn g 

not of any rational scheme of classification, **^J^»* 
of research activity around points of corn ?T 1 learning amply qualifies 
ccdurcs By the usual criterion, human P rob * J f thl f art idc is by no 
as a “type ” Although the bibliography asse gQ separate experimental 
means complete, there arc represented more ^ave been pub- 

studies, many including numerous subexperi » d Wlt h prob 

lished during^ the last 10 to 12 years all primarily concerne 

ability learning in human subjects (5s) exoenment has become 

The basic paradigm for the probability lcarmn ^ of a senes o£ 
almost as familiar as that for classical con i . g^d set of alternative 
trials, the 5 makes a choice from an . . then receives from the 

responses, usually though not necessari y ’ was correct In the 
experimenter a signal indicaung whether noncon tingent case, each 
most common experimental design, the SI " forced (indicated as cor- 
response has some fixed probability o S ^ or past choices In t e 
rect) on any trial, regardless of the P &Homseth, 1951) the 
oldest variant (Humphreys, 1939, Gr > lfe J atl ve events (eg 
assigned task is predicting which of two exactly one of t es 

or light off) will occur, and at the end of eacn 

events docs occur f t u IS paper is to attam som 

Although one of the mam objectives j earnin g might fit into a ^ 
perspective as to ways in which pro a ^ ^ ll0g „ at the outse ^ 
tematic treatment of human learning, lasting sc.entifi 

criteria of classification I suggest b J ased „pon thenren^ 

a taxonomy of human learning wi consequently progress ^ 

significant distinctions and communa 1 1 xam ,ne the P hen ° t 
a useful taxonomy may be facilitated d we of learning 

probability learning and phenotypi y f q{ proce durc wil tive 

several levels of analysis A natural j findings and 

review the materials, j e , methods, P Contra ct Nonr 908(1 6) hIe 

‘Preparation of th,s review W 

tween the Office of Naval Research and In Umted states Govern 
or in part is permitted for any purp° se ^ 
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models, then to undertake comparisons with some of the categories of 
learning for which similar reviews have been provided in other papers o 
this symposium 


Methodological Approaches 


Problem-Onented Investigations 

To some extent m most studies of probability learning, and almost ex- 
clusively m a few, the investigator is simply interested m gaining an under- 
standing of this behavioral situation as an end in itself The natural out- 
come of this approach is an accumulation of factual material and the 
growth of what may be termed ‘ situational theory” (1 e , interpretation of 
the phenomena in terms of concepts and assumptions which may or may 
not have some generality taken individually but which m combination 
form a theory for this particular type of situation) Studies by Gardner 
(1957, 1958), Jones (1961), Rubinstein (1959), and, perhaps somewhat 
less clearly, Goodnow and her associates (Goodnow, 1955, Goodnow & 
Pettigrew, 1955, Goodnow & Postman, 1955, Goodnow, Rubinstein & 
Lubin, 1960) seem to exemplify this problem oriented approach 


Theory Oriented Investigations 

At the other extreme are studies which simply take the probability 
learning situation as a convenient testing ground for general theories (e g » 
Estes & Straughan, 1954, Kalman, 1961, LaBerge, 1959a, Suppes &. Atkin- 
son, 1960) Recalling that the simple predictive (“verbal conditioning’ ) 
situation was originally devised by Humphreys (1939) as a verbal analogue 
to Pavlovian conditioning, one should not, perhaps, be surprised that the 
cones involved have for the most part been learning or conditioning 
eoncs Recently, however, decision models have been applied, in some 
C s P eci ® c P ur P°se of testing predictions drawn from game or 
a 2 ainst P re dictions derived from learning theory 
oracticr ? I."? fPP roachcs often tend to shade into one another m 
pnS recognizing the clear distinction between them in 

versY P T«t.na ly becaus ® ° ne ma y thus avoid considerable fruitless contro- 

zzssz issl r or mKW m a part,cu,ar ,s 1,01 

tor all asocos of S “ * situational theory capable of accounting 
say th- Jawa of m "t ' 10r ! n l ^ = c *pcnmcnta! situation One may appb* 
nutouib* Z “ d “ n5 ' rVat ' m ot energy to toe behavior of an 
dretos Utoc “ d 'f ed ( ° *• 5. Wito no idea of 

thing the vehicl- m^v >v f ^ *bey do not suffice to predict every 

cral ' ^ d ° 1 sha!1 *=“* 1>= position that n gen- 

supported by espenm-ntal tests if (n) under specifiable 
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conditions it leads to correct predictions, and if (b) analyses of conditions 
under which the theory docs and does not hold show that they fit some 
orderly pattern and thus further our understanding of the phenomena con 
cemcd The extent to which certain general theories are supported, in this 
sense, by the data of probability learning experiments will be one of the 
principal points at issue in the following sections 

Use of Group \s hid iu dual Data 
Nearly all of our knowledge about probability learning is based on sta- 
tistical analyses of group data The familiar negatively accelerated learning 
cune is a curve of group mean proportions, asymptotic probability match 
mg is a correspondence between terminal mean response proportions and 
proportions of reinforcing events, and so on In this respect, the situation 
in the study of probability learning is much like that in most other areas 
of human learning But m the case of probability learning one wore often 
hears questions raised as to what the individual Ss are doing Do their 
learning functions follow negatively accelerated curves? Do their response 
proportions individually match reinforcement probabilities'* The answer, 
of course, is that the individual learning functions are quite irregular and 
generally reveal no simple properties at all to the naked eye 

Consider, for example, the individual learning functions shown in Table 
1 , these represent block by block proportions of the more frequently re 


TABLE 1 


Response Proportions by 20-Trial Blocks for Individual Ss 
Run under an 85 15 Schedule 





Block 



Subject 

I 

2 

3 

4 

5 




85 

85 

95 

2 

3 

4 

5 

6 

7 

8 

60 

55 

55 

80 

45 

55 

60 

SO 

90 

90 

95 

60 

90 

90 

85 

75 

90 

85 

45 

90 

95 

85 

90 

100 

90 

70 

95 

75 

60 

90 

100 

85 

70 

90 

85 


t j n c- ft ftp first 2 Ss from each of four subgroups in 

inforced response for 8 Ss [tne nrsi z os uvw . , . T * flr . 

«* 85 15 conduct the .Estes "“f ” S 

parent at a glance, firstly, *at*erear « s , exhlblt a uniform 
all stages of learning and, secondly, that no 
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increase in response probability toward the theoretical asymptote The 
mean proportion for the group on the last block (84) approximates the 
matching value, but only 2 of the 8 Ss fall close to the mean From inspec- 
tion of these individual functions, one might believe it quite unlikely that 
all could have been generated by the same basic learning process 
However, impressions gained from observations of individual cases with- 
out adequate control comparisons are notoriously fallible To provide a 
basis for comparision, I have assembled in Table 2 some individual learn 


TABLE 2 

Response Proportions by 20-Trial Blocks for Simulated Data 
Generated by Computer for Statistical 4 5s * 

Learning under a 75 25 Schedule 


Block 

Subject 1 2 3 4 5 


60 

60 

80 

70 

65 

85 

70 

45 

65 

60 

35 

65 

80 

85 

55 

85 


75 

70 

80 

65 

85 

55 

50 

75 


80 

90 

80 

65 

80 

40 

75 

85 


80 
1 00 
65 
70 
95 
80 
80 
90 


mg functions obtained from artificial Ss by means of a computer The 
computer was programmed to generate simulated data for ' Ss ' who learn 
tn accord with the linear model of statistical learning theory The records 
s own in Table 2 arc not selected cases, but merely the first eight cases 
n * n ^° r anol ^cr purpose The absolute values for the 
™ are no * sparable to those for the real Ss, since the former 

85 ' ned wth reinforcement probabilities of 75 25 rather than 
the natti-mTlf'.”’ 11 15 [ntercst,r £ to note that, except for the overall level, 
Mdual iiirvrf'nr!> ;iriatl0n m tllc tUO sets of data arc strikingly similar Indi- 
ct learmna it anlilT cora P arab,e m ,b e two sets of data at all stages 
the simulated s " ratl£c lnd mdual differences is a bit larger for 

paraS r, f ^ ™ l "°'™ '» ba ve identtcal learning 

expect both amn f ' C i a j”' 3 g ‘' C an ,dea of how much vaiiability to 
C:r ,dU,fc 3! an >' s,a « c a " d >" a > blocks for any 
simply because of the probabd.stic character of the choice 
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behavior, even when there are no tndmdual d. (Terences in mode or rate 

° f Seaming functions of Table 1 include examples of a number of the 
,d, osjneras.es which, in various published studies, 
evidence supporting hypotheses concerning individual differences in de 
evidence supporting nypo a sudden regression toward 

cision rules and the 1 he thus, o wo d , adcd t0 abandon a 

chance in the last block, as though he roJdoes simulated S No 3 

pothescs rather than learning in any y Contemplation 

foreements (and the same is true of simulated 5 WO) ^ 

of these parallels between real “ . thc classification of learn 

make one somewhat wary of schemes in S 

ers into types on the basis of their pro ° c terminal tnal blocks, one 
With respect to response proportions , thc indlv ,dual protocols to 
certainly would not be led all ot the s.mulated Ss All of 

say that probability matching c learning process which has the 

thc simulated data are genera e / musl vary randomly around 

property that individual response p P a symptohcally to the prob 

a negatively accelerated function w ® n ^ quanU ty of similar data 

ability matching level But if we S ge „ er ating process it is 

■blind’ and asked to deduce he nature o B except b y a p 

plain that we would be unlikely o Fscove P P ]earnmg func 
propnate statistical analyses including the ave g S 
tions for groups of Ss means of this example is that, or a 

The main point I wish to ^ ake > yalues an d dangers of ave ^^ 
given research area, arguments over h al deputation to that of 

can be brought down from the ^f^ieular ease of probabih y 
a problem for objective investigation I ® P d mcaunous inference 
learning, it seems clear that, wl.ercas o„ me o relatl0 „sh.p 

from averaged data may lead to ffl ake judicious usof 
which exist only m groups, on the otoer ^ ^ retationships which 

statistical analysis may result in become apparent on ^ ^ 

Ssr-sasK— 

statistical and other math 
tion of individual cases 
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Some Facts about Probability Learning 

Before entering on the uneasy ground of system atics, it may be useful 
to assemble some supplies by way of factual material A summary of 
empirical relationships will serve also to organize some comments about 
the roles of variation m a number of important parameters of the expen 
mental situation It should be mentioned at the outset, however, that to 
hold this paper to manageable dimensions, it has seemed advisable to limit 
consideraUon to studies of the simple predictive situation with discrete 
choices and informational feedback As the comparative analysis begun m 
the present study is continued and amplified, a number of variations on 
the basic paradigm will merit attenuon these include studies of situations 
permitting contmuous response measures (e g , Anderson & Whalen, I960, 
Brunswik & Henna, 1951, Lotsof, 1959, Suppes & Frankmann, 1961), 
studies of effects of relative frequency of reinforcement in paired associate 
or other forms of verbal learning (e g , Binder L Feldman, 1960, Osgood & 
Anderson, 1957, Peterson, 1956, Solley & Messick, 1957, Voss, Thompson, 
& Keegan, 1959), studies of various reinforcement contingencies arising 
in social interactions (eg, Flood, 1954a, 1954b, Hays & Bush, 1954, 
KanarefI & Lanzetta, 1960, Neimark & Rosenberg 1959) , and comparisons 
of probability learning m adult human 5s with probability learning in 
children or animal 5s (eg, Overall & Brown, 1959, Stevenson & Zigler, 


Probability Matching in the Noncontingent Case 

By the time the first half dozen studies of simple, two-choice predicts e 
behasior (summarized in Estes, 1961b) had shown close approximations to 
probability matching with a degree of replicability quite unusual for quantt 
a ne in ings in the area of human learning, it was only natural that m 
vcstigators as a group should feel themselves challenged to push this phe 
°”£ n ° n . t0 ^ UT1Its and see *f the simple pattern could not somehow be 
l.i . ** ^ a °' vn * do 001 know whether an\one ever claimed proba 

sevenl in g to be a ubiquitous empirical generalization, but in any event 
m\esiifninR S f.° Vl E orous l ,mit pushing on the part of a large number of 
of applicability' 2 ** TVcd t0 delmcatc reasonably clear bounds on its region 

« i^'remfort^mrnt" 0115 °! the C: " ly c *P c '™ents, i c , a two-choice situation 
each trial P* OVldcd by a signal indicating the correct prediction on 

matching values rim , re !P° nsc proportions vs tnal blocks approximate 
case obtained with a scrTl 5 '''' 3 ' hu , ndred tnals [ for an especially clear 
(1959)1 in ^ ar ^ c sam P^ e °f Ss, see Neimark and Shuford 

experiments falling in this category a slight ‘over 
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shoot, ng" begins to develop after abont 250 Inals For example groups run 
by Gardner (1957) with reinforcement probabiliues of 60 and 70 yielde 
mean response proportions of 62 and 72, respectively, over die final por- 

t '°As° t vanou!'pmmcte“ of the experimental situation have varied more or 

less randomly over a considerable number of mvcst, ^X'uons atu“ d,e 
mat, on has accumulated to perm,, some tentative gen«atau<m about the 

conditions under which different types of asymp ™. n S I task and 

Probability matching « m'e^ « 

instructions arc such as to lead toe os py r . E Keller, 

each trial (Estes & Straughan, 1954, Frie "J ’ b ’, lt Q J attem p tm g to 
& Milliard, 1963) or when ^^^dplchophys.cals.tuat.on (Estes & 
be correct on e\ery trial, as in a simu P > P 1955 Goo dnow 

Johns, 1958) or problem tends to occur 

& Postman, 1955) "Overshooting to S t s 1S de ahng with 

when instructions indicate, directly o igfi /’Morse & Runquist 1960, 

a random sequence of cven^ (Edwards 196^ M « 

Rubinstein, 1 959) or when they cmphaMe the ) 

successes over blocks of trials (Das, en f or correct and 

When differential rewards (or punishm J 0 f te i? rewarded alternative 
incorrect responses, the probabi lty o ^ value, evidently approach 
is frequently observed to go abov ^ reward differential (Ed- 

>ng an asy/ptote which is directly related to die re 1960) It 

wards, 1956, Siege. 4 

would be premature, however, t „ n( i anlen tal respect from learning in 
reward contingencies differs m “JV bus been possible to show that 

situations not involving reward I ’ o[ lllcse ic ward experiments 
terminal response proportions in a behavior is compoun e 

can be accounted for on the *„b 'b.hty matching even though 

of two processes, each of wh'ch _stmsBes pr 

the observed choices do not C s es - than two choices ave 

Studies of noncontingent parable choice 

yielded results in agreement wi , u p some puzzling d'scrq 1 

ip to a pom,, but they have *7“ "Lcnls was conducted by N« 

One of the first reported three oh P Iogous to those of s 

mark (1956) under “” dl,lons concurrently 

two choice experiments run more or 1 Nc , mark's terminal response 

& Hellyer, 1954, Estes * matchmg level very closely 

proportions approximate P IB o trials, but the possi a , 

Neimark’s experiment involved ! 1 , hl , poin t when th P 

merely happened to as suggested by Gardner (1957), 

curves were crossing the matemng 
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can apparently be discounted in the light of later results obtained in the 
same laboratory with longer series To give one example, groups of 48 s 
were run under schedules of 60 20 20, 50 30 20, and 40 40 20 in 
an unpublished study by C J Burke, R Ginsberg, and the writer Mean 
proportions of the most frequently reinforced response over the last 40 trials 
of a 240 trial senes were 593, 480, and 382, respectively It seems clear 
that under the conditions of these expenments the leammg functions are 
quite well desenbed by theoretical curves which have their asymptotes at 
the probability matching values 

At the same tune, it has become evident that with sufficiently long trial 
senes, the proportion of choices of the preferred alternative tends eventually 
to nse above the matching value (Cotton & Rechtschaffen, 1958, Gardner, 
1957, 1958, McCormack, 1959), this overshooting becomes manifest at 
about the same point as m comparable two-choice expenments, but appears 
to be somewhat more pronounced by the end of a 400- to 500 tnal series 
The expenments cited above have utilized too few event sequences to permit 
reasonable estimates of mean response proportions at any stage of learning 
However, a replication of one of Gardner’s conditions (the 70 15 15 
condition from the 1957 study) run in the Indiana laboratory (Ginsberg 
1959) with larger samples of both Ss ( N = 48) and sequences (N = 12) 
yielded apparently stable terminal probabilities for the 70 alternative m 
the neighborhood of 75 (mean proportions being 756, 755, 759, 744, 
and 751 for the last five 20 trial blocks of a 460 tnal senes) More in- 
formation is needed regarding the extent to which the asymptotic deviations 
may be peculiar to the type of reinforcement schedule used in all of these 
studies (le, with one alternative having a much higher reinforcement 
probability than the others) 


Problems in the Interpretation of ' Asymptotic Behavior' 

In order to establish generalizations about asymptotic behavior, it is 
,0 , a ^ c t0 ascertam when behavior is asymptotic But ac- 
15 ln 8 t m tasE: ' cvcn Eor the simplest case o£ two-choice behavior 
s,,uaUon has PK>™d inordinately difficult In the 
hundred fT' “ nM ' d th3t ' carn, "S typically level ofl alter a 

-P-’ P-P— over the 
asvmntntlT l„ . 8 °" ’ 150 mal scncs “ere taken as estimates of 

wheth-'r ihe ™ CS P° nsc t0 doubts on the part of some investigators as to 
been used run “)ntptot,c. ' longer and longer senes have 
1200 '" al * But, Unfortunately, 
cr more doubtful that any satisfactory solution can be reached 
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by this frontal approach Relatively minor, although difficult enough, is the 
statistical problem of securing general agreement on a criterion for sta 
tionanty of response proportions over trial blocks, little has been accom 
plishcd with this problem, but at least in principle it can be solved 

Deeper problems arise from the fact that, when we speak of asymptotic 
behavior, wc mean “asymptotic under constant conditions In trying to 
establish suitable conditions, wc find ourselves at cross purposes If we 
run 5s in long continuous sessions, it is probably impossible to maintain 
reasonable constancy with respect to motivabon, alertness fatigue or bore 
dom, and the like If we follow the example o the psych. iphysmis s and 
attempt to mitigate these factors by using rela.ive'y shorh well spaced 
sessions, we run into the difficulty of keeping e 
talking about the experimental task between sesstt ins or in oth r ways 
obtaining information beyond that supplied by t e exp . 
of events The expenmental procedures used ,n prob bihty learning rep 
resent compromises between these conflicting considerations 

Even when a learning curve levels off a, some va o f response pm ^ 
bihty intermediate between zero and unity, response level 

that under many circumstances this °PP ara " 7, y ]eanI]n „ sltua tions, the 
wilt be inherently unstable In nearly a P™ or y ]y that the 5 is ex 
nature of the task and the instructions lu[ )»ments over a senes 

pectcd to improve the accuracy of his P re ' u mons the 5"s proba 

of trials Consequently, if under oyer a subsla ntial number of 

bihty of being correct has . tualIy recognize the absence of 

trials, it seems not unlikely that 5 will We know that under 

further ‘improvement’ and vvitl vat) , han „ es the density of correct’ 

suitable instructions, the 5 can respon smele trials as reinforcing 

or “incorrect” signals over longer oc that even unc jer ms truc 

events Consequently, we must admit the p 3 as ,he reinforcing 

tions which m effect define the md.vrdua “m “T uishga.e 5s to slnft 
event, a prolonged period of no |"jP r ana lysis is correct it implies that 
their behavior in this direction reinforcing outcomes of single 

theories couched in terms of c °' ccs accou nt of long term changes in 
trials cannot provide an entirely a eq rather special conditions t 

response probability, except P er 7^ , jheones can gain support from 

does no, rule cu, die *%£££** (and „ by no means 

predictions concerning curves P . be easy to come by) 

guarantees that more adequate rheones will be ea y 

, „ th. Noncontingent Case 

Sequential Properties of Behavior ^ moderale S uc- 

AI though it rs apparcntlyunrcahsucmcxprx ^ may ^ „ ope tha , a 

cess in predicting ‘ asymptotic P 
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theory of probability learning can generate accurate predictions of response 
probability on a gnen tnal of a series, given appropriate information about 
the immediately preceding sequence of events Results in this category 
which hate attracted the most widespread interest are those having to do 
with “recency curves ” 

Extant \crsions of reinforcement theory, as they have been applied to the 
two-choice, probability learning experiment, predict positive recency curves 
That is, at any point in a series of trials, the greater the number of con- 
secutive, immediately preceding occurrences of a given event, the more 
likely the 5 should be to predict that event on the next trial Evidence bear- 
ing on this prediction was first reported by Jar. lh (1951), and proved 
sharply negative Rather than following the predicted function, 5s tended 
to respond in terms of the “gambler’s fallacy,” that is, to be more likely to 
predict an event the longer it had been since the last preceding occurrence 
of the event This “negative recency” effect was also found by a number of 
subsequent investigators (eg, Anderson, 1960, Feldman, 1959, Nicks, 
1959), the characteristic recency curve showing an increase m probability 
of a response after one or two reinforcements, then a decrease as the run of 
consecutive reinforcements continues 

A satisfactory interpretation of this phenomenon can hardly be expected 
until more information is available concerning its course of development 
and stability The suggestion has been put forward (Estes, 1962a) that the 
negauve recency function results largely from response tendencies the 5s 
bring with them to the experiment, via generalization from other situations, 
but which extinguish with experience in the experimental situation Some 
support for this interpretation has been provided by recent studies which 
have utilized sufficiently long senes to provide a reasonable opportunity 
for the posited extinction to occur (Anderson, 1960, Edwards, 1961, 
Friedman ct al , 1963) If previous analyses of the probability learning 
Mtuauon arc extended, as in Restle’s (1961, Ch 6) treatment of choice 
behavior, to allow for the 5s’ responding to runs of reinforcing events of 
different lengths as differenual cues, a reinforcement theory could accom- 
modate a transitory negative recency effect A bowed recency curve would 
uc expected to develop early in a senes simply because learning would 
proceed more rapidly with respect to cues from the shorter, and therefore 
more frequently occumng event runs Persistence of a negauve recency 

riimrt,i?, aS%TOpt 0 UC r data * 0uld ^ com P at, ble with Restle’s model but very 
difficult to account for ,n terms of reinforcement pnneiples = 

experimental Froa . duIe avoldl am(an! f|Kh Aov . Unt arise 
shen ini flnivi "s? ' °? , hc eetaose frequencies of reinforcing eienls willun 
'°" 1J '° Genual reinforcement of £gaove rreenev 
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Another active line of investigation has been concerned with attempts to 
show that the effective stimulus for the S at any point in a probability leam 
mg senes is the immediately preceding run of similar reinforcing evente 
There is ample evidence that Ss respond differentially to the i s modus 
aftcrcffeets of the immed.ately preceding Inal this is seen most c hrec, y m 
experiments which arrange different probabilities for a S'ven remforemg 
event depending on which event occurred on t e P' e “ “S 1960b) 
Hvman 1953 Engler, 1958, Anderson, 1960, Shelly, 1960a, 1960b) 
ASTp’ts to show that is disenminate the differentia. 
with different lengths of runs of a given event have no . ym ded ennrey 
conclusive resutepart!) because the investigators have n * us e I aval able 
analytic techniques^ full ^vantage for the purpose of out the 

remforemg effects of * 0o odnow, Rubms.etn, & Lub.n 

nauve stimulus (sec, c g , Feldman, 190V, subjects 

1960, Ntchs, 1959) One would surely expect that adult hum^ ^ 
could, up to some limit, respond <Mercn ' la J uch d,ff e rential 

lengths of runs if reinforcement were conhogent "I™ 1961 , 

respondmg, and the o^V^onfirm llntnhey do To what extent dependen 

Schoonard & Rcstlc, 1961) confirm tn y un( j er the conditions 

cies of behavior upon cues from even ru ^ , he question— and 

of the standard probability learning a ”°“ r ’ 

one on which the literature conl ^"^ 1 b mea ns exhaust the supply 

The factual matters xnenuoned above b> ^ ^ ^ tQ ^ 

However, they are the principal item , relationships which are 

standard probability learning =3'^ probability learning as 

studied in much the same m 

with other types of learning will be 

SYSTEMATIC INTERPRETATIONS 

We turn now to the question to represented in 

volume What general classes of psyc g pnncipa l answers 
the experiments on simple pre ic liferent groups of investigators 

have been proposed, or assume , 7 akm to classical conditioning, 

Co) A relatively elementary form of > ear “3 oblem so l v mg, not analpable 
(6) a more complex form of lear “3oncepts These are not mutually 'ea- 
rn erms of simple stimulus response concept^ y d s 

elusive possibilities, but m P rac, '“ diem up senaum for d,s- 

though they were It wdl be convenient to f, 
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theory of probability learning can generate accurate predictions of response 
probability on a gnen trial of a senes, given appropnate information about 
the immediately preceding sequence of events Results in this category 
which have attracted the most widespread interest are those having to do 
with “recency curves ” 

Extant versions of reinforcement theory, as they have been apphed to the 
two-choice, probability learning experiment, predict positive recency curves 
That is, at any point in a senes of tnals, the greater the number of con- 
secutive, immediately preceding occurrences of a given event, the more 
likely the 5 should be to predict that event on the next trial Evidence bear- 
ing on this prediction was first reported by Jarvik (1951), and proved 
sharply negative Rather than following the predicted function, 5s tended 
to respond in terms of the “gambler’s fallacy,” that is, to be more likely to 
predict an event the longer it had been since the last preceding occurrence 
of the event This “negative recency” effect was also found by a number of 
subsequent investigators (eg, Anderson, 1960, Feldman, 1959, Nicks, 
1959), the characteristic recency curve showing an increase in probability 
of a response after one or two reinforcements, then a decrease as the run of 
consecuuve reinforcements contmues 

A satisfactory interpretation of this phenomenon can hardly be expected 
until more information is available concerning its course of development 
and stability The suggestion has been put forward (Estes, 1962a) that the 
negative recency function results largely from response tendencies the 5s 
bring with them to the experiment, via generalization from other situations, 
but which extinguish with experience m the experimental situation Some 
support for this interpretation has been provided by recent studies which 
have utilized sufficiently long senes to provide a reasonable opportunity 
for the posited cxunction to occur (Anderson, 1960, Edw’ards, 1961, 
Friedman et al , 1963) If previous analyses of the probability learning 
situation arc extended, as m Restlc’s (1961, Ch 6) treatment of choice 
behavior, to allow for the 5s’ responding to runs of reinforcing events of 
different lengths as differcnual cues, a reinforcement theory could accom- 
modate a transitory negative recency effect A bowed recency curve would 
be expected to develop early m a senes simply because learning would 
proceed more rapidly with respect to cues from the shorter, and therefore 
CquCI,11 > occurnn & c ' cn * nms Persistence of a negative recency 
dS,u»!! >inpt0t,C , dala W ° U,d h* compatible with Restle’s model but very 
difficult to account for m terms of reinforcement principles = 

r r °eedure avoids artifacts su.h as those that arise 
ihort uJllM, lh ' frequencies of remfore.n E menu 

be£,„ ^ *°" u “ "fc—M reinforcement of ijnuee rrccoev 
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Another active lute of investigation has been concerned with attempts to 
show that the cITecuve stimulus for the S at any point in a probability learn- 
ing senes is the immediately preceding run of similar reinforcing events 
There is ample evidence that Ss respond differentially to the stnnulus 
aftereffects of the immediately preceding trial, this is seen most directly in 
experiments which arrange different probabib.ies for a given reinforcing 
event depending on which event occurred on the preceding Trial (Hake & 
Hvman 1953 Encler, 1958, Anderson, 1960, Shelly, 1960a, 1960b) 
Attempts to show that Ss discnmma.e the differential sumulation associated 
with different lengths of runs of a given event have not ye Wed ^entue y 
conclusive results, partly because the tnvesugators have nobused avm able 
analytic techniques to full advantage for the puipose o partmllin^om the 

remforemg effects of . . pv ' R „b.Ltn, & Lubin, 
mo “>959) One wcuTd s'ure.y expect Ota, adult human selects 

could' up to'somebmitt, respond differentially tostimulaUOTjrom different 

lengths of runs it reinforcement "cr i conn g P RubmsteJDi 1961> 

However, they are the uon Em p,„cal relationships which are 

standard probably learning conncctIOQ with probability learning as 
studied on much the same y dered in later sections 

with other types of learning will be considere 


Systematic Interpretations 


SYSTEMAlio 

V closest to the mam theme of the present 

We turn now to the question , ^ processes are represented in 

volume What general classes of P > Two principal answers 

the experiments on simp e p ^ different groups of mvestigators 

have been proposed, or as ™“ f ,.^5, akin to classical condiuonmg, 
(o) A relatively elementary 0 r problem solving not analyzable 

(b) a more complex f0 ™ 0 concepts These are not mutually ex 

m terms of simple stimulus P ^ bave been generally treated as 
elusive possibilities, bu “ \ ’ vem ent to bring them up seriatim for dis- 
though they were It will ne 
cussion 
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Stimulus Response Reinforcement 

The experimental situation in which most of the data on human proba 
bihty learning have been obtained lends itself quite naturally to an in- 
terpretation in terms of such terms as “reinforcement,” “acquisition,” and 
' extinction , consequently it is not surprising that these terms base been 
more or less routinely applied to phenomena of \erbal conditioning This 
practice has been opposed on doctrinaire grounds b) imestigators who find 
reinforcement concepts uncongenial, and on occasion investigators who 
habitually interpret learning experiments in these terms ha\e raised ques 
tions as to whether the same processes are involved in verbal conditioning 
as in, say eyelid conditioning, or other fully accredited \aneties of condition 
mg or elementary associative learning (e g , Hake, Grant, & Homseth, 
1951) But there seems to have been no systematic consideration of the 
applicability of reinforcement and related concepts 

Where may we hope to find evidence on this point 7 An obvious possibility 
is to examine similarities and differences in the way experimental variables 
influence behavior in the probability learning situation as compared to other 
learning situations This approach seems likely to prove instructive, but any 
conclusions suggested by a review of empirical relationships should be 
tempered by the realization that identity of underlying processes or mecha 
msms need not always be closely reflected m phenotypic s imilar ities One 
may put identical engines in a racing car and an airplane, but this will not 
guarantee similar behavior on the part of the two vehicles 

Effects of reinforcing exents on response probability — A prerequisite to 
the analysis of any situation m terms of reinforcement theory is the identifi 
cation of experimental operations having the property that if one of these 
operations is applied on any trial, it produces an increase m probability of 
' re °rced response upon the next recurrence of the same stimulus situa 
ion On the negative side, it must be conceded that no reinforcing opera 
Ji'f i CD S ^ 0wn to saUsf i dns requirement without exception in the 
SltU2UOn Therc arc *>nie relatively rare occasions, 
^ e ca rhcst trials of a senes run with experimentally naive 
° f a remforciQ g e 'ent actually results in a decrease 
“ ° f ** presumably reinforced response The positive evidence 

h °* C ' Cr E ' en m Aments Vhich yield the 
is hieher C ^ U ^ S^erally found that probability of a response 

Nickf 1959 a T ^ 111211 3 nonr emforced trial (Janik, 1951, 

a croun of in ^Tien response proportions are plowed for 

over a number nf ° rccei ' c die same sequence of reinforcing events 

folk ) a the event t ? a * S * * e “P 5 311(1 downs of the response curve 

quenvC so faithfully that this phenomenon has suggested 
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the designations probability tracking (Estes 1957b) or probability 
following (Edwards 1961) 

The nature of reinforcing e.enK-In Humphreys arrangement of the 
verbal conditioning experiment occurrence or nonoccurrence of the even, 

predicted by the S was supposed to correspond to the occurrence or non 

occurrence of the unconditioned stimulus m a classical “" d 'b° nl "S 
ment How deep the correspondence goes is problematical Little is known 
unfortunately concerning the fs original response o o 8 ° 

in the verbal conditioning situation Some mvest, gators (Bte « 

1954) have assumed that the reinforcing signal evokes a tender 
par. of the S to make possibly covertly the response 

H .he 5 has predicted correctly on a given tria^^ *£* "t,y .”= 
to repeat the same response whereas P Attempts to get direct 

signal would lead him to make a correc ” s P by record.ng P muscle acbon 
evidence relative to these response ten y , b considered 

potentials (Kent 1958) hate Jielded results that may perh p 

-Idly positive but the MAI = “ h reTponse Jdene.es 

cut fashion There is no reason to b y unconditioned re 

are unlearned but this is not a cndrfp-* ““ one es , ab „shed by 
spouse in a classical c "" d “ nln * ^ se t0 ,b= reinforcing signal may 
previous conditioning The ys P the same is true of UCRs 

certainly be mod, lied by prosp ect of obtammg cogent 

in at least some cases Apparently t ^ „f co vert correcbve re 

independent evidence to support use o[ this assumption 

sponses There remains the possi ) . conv mcing mdirect evi 

in theories of probability Ktarmng n»y B*™ 1 " , he theories 
dence one way or the other depen mg g experuI1 ent with other 

Comparing the standard pm fi “ d ‘ Jneral sum lardy with respect to the 
human learning experiments we nnu g some unportant eqmva 

reinforcing operations used an a obtains about the same results 

fences In paired ass0C1 ®t« mfonn a t ion only (by paired present* 

when reinforcing operations s pp y members of each item) as when 
tions of the stimulus and correc re P £. ere ff ects (confirmation of correct 
they involve positive and nega 1V on es) Thinking in terms of law-of 
anticipations and correction o ,nc ° eenera Uy m the probability learning 
effect notions one might eyent upon the response of predicting 

situation the reinforcing effect o . the r or not the response had oc 
it would be different depending the two reinforcing events by 

curred on the given trial Tha i these events by Ai and A 

Hi and E and the responses of , jq ^ sequence A| -Ei 

respectively the event Ei wi _ In bot h cas es the information given 
sometimes in the sequence - 1 
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S would be the same, but in the first instance one might consider the Aj 
response to have been rewarded, whereas m the second instance this re- 
sponse could not have been rewarded, in the usual sense at least, since it 
did not occur If the effect of the Ei event were greater m the first instance, 
we would have support for an interpretation in terms of the law of effect, 
or perhaps confirmation of expectancies If the effect of the Ei event were 
the same m the two instances, we would have support for the assumption 
that reinforcing events in probability learning function similarly to uncondi- 
tioned stimuli in classical conditioning 

It is not easy to find evidence bearing relatively directly on this issue 
Firstly, not many investigations have reported data showing detailed de- 
pendencies of responses on preceding responses and events Secondly, even 
given suitable data, there are as yet unsolved problems of interpretation To 
illustrate one approach, let us examine results reported by Suppes and 
Atkinson (1960, Ch 10, Group Z) for a group of Ss run in a standard, 
two-choice predictive experiment. In order to determine the effect of the 
reinforcing event in each type of trial, we must control for the preceding 
response Thus we are interested in the differences 


P(A X EjA,) -P(Ai A,) 
and 

P(A, EjA*) - P(A X A 2 ), 

where the first Ime is to be read * the proportion of occurrences of response 
Aj following the sequence Ai— Ei on the preceding trial minus the propor- 
tion of occurrences of A x following an Aj on the preceding trial (regardless 
o the reinforcing event),” and the second line similarly Values reported 
by Suppes and Atkinson for the last 100 trials of a 240-tnal senes }ield 
r ° f 07 m 1X5111 cases A s,milar analysis is available for a group 

ot so 5s run through a senes of 48 tnal blocks with varying probabiliues 
t rcmforecmom (Friedman et ai , 1963) Using the pooled data for the 
st 11 trials of each ot 10 blocks ran with a JO 50 schedule (these blocks 

, crs P crsc d between blocks run with other schedules), the two dif- 
lerenccs prove to be 

and P<A ‘ E ' Al) ~ P(A ‘ A,) = 616 - 523 = 09 

P(A, E,A.) - P(A, A.) = 532 - 432 = 10 

a m en rcm'for~ CCrCl mCely Ullft expectations b3scd on the assumption that 
tC, ! :T Pr0d " ra ^ect regardless of ^response 

eouM no, aL fo Sr =r « hare no assurance that b be) 

Mercm a™? J,' r0m ' an ° U! ^““Uons of assumptrons specifying 
terent amoun.s of learning on “correct- and “incorrect" Inals So far as 
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I ha\c been able to determine, no model free method of analyzing the data 
from simple, two-choice, noncontmgent schedules yields unequivocally dif- 
ferent predictions for the two types of assumptions There remains the pos 
Sibility of testing alternative hypotheses about the action of reinforcing 
events within the framework of specific learning models This strategy will 

be illustrated in a later section . . , 

Rewards such as monetary payoffs appear to function m probability 
learning situations much as in other human learning situations, either verba 
or perceptual motor, when administered contingent upon cor^ responses 
(see c c Goodnow, 1955, Rob.llard, cited in Bush &. Mosteller, 1955, 
Siegel & Goldstein, 1959, Suppes & Atkinson , 1960), and 
to be true of reinforcement by escape or avo, dance of unpleasantor othe^ 
wise undesirable stimulation (Brody, 1957, e am e reward* 

Straughan, 1956) Little is known about the role of pa^metersofrew d 
however belay of reward seems not to have been 

con 1 

tnal-and error learning and which dictated Hulls (l^at y 
cermng magnitude ot reward standard bunian learn ,„ g 

There is no room or doubt flowing occurre nces of a 

situations administration of a s . rertain chances m perform 

designated response is a sufficient cond, bon for certam chang ^ ^ 

ance which are taken to be symp orn been °g IV en the question as to 

ever, that insufficient critical examination JS a 

whether the usual temporal relation J ,he older Thorndikian, 

necermrycondt.ionfor.hesec ange %££££**» of reward 
as well as the contemporary drive redu i , tte ot . currence of 

In addition to satisfying a rive ’aspect is responsible for the 

a reward also conveys information Wh (EW J u d,a addressed specifically 
reinforemg function of the , y difficult to demonstrate any effect 

to this problem, it has proved surprising y ^ ^ as „„ mforma- 

of a reward as a “satisfying ; aftere® icl y R ]S lnt eresting to note 

live signal (Bitterman, 1956, Hlll,x * ’ f an Normative reinforcing 
this connection that “ ““Ration in magnitude of reward 

signal has effects very similar to th * response terms, the occur- 

(Estes & Johns, 1958) response may become cond, - 

rence of a reward involves a st '™' us antic, patcy, for esample, an 

tioned to cues preceding it and *“^”1 a pa*™ 1 ” ^ C °“' 
approach or avoidance response 
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become conditioned to cues associated with a response mampulandum If 
the function of a reward were basically the same as that of an informative 
signal or an unconditioned stimulus, it would not be essential that a reward 
be administered immediately following the response undergoing learning 
One way in which the usual contingency can be broken is illustrated by a 
study recently completed in the Indiana Laboratory (M Cole, L Keller, 
C J Burke, & W K Estes, unpublished) Each trial began with presenta- 
tion of some one member of a set of discriminative stimuli, to which the S 
responded by choosing one or the other of two response buttons Then 
numerals appeared in each of two wmdows, showing the payoff associated 
with each response button on that trial, thus the S had full information on 


each trial, although he received a given payoff only if he had operated the 
corresponding response button It is hoped that suitable experimental analy- 
ses in this situation may provide evidence on the critical question as to 
whether the effect of presenting a given reward stimulus is dependent on or 
independent of its temporal relation to the rewarded response 

Effects of nonreinforced trials — By “nonreinforced,” or ' blank” trials 
in the probability learning situation we mean trials on which none of the 
experimenter-defined reinforcing events occurs Owing to a fortuitous prop- 
erty of the experimental situation it was not possible in the earliest two- 
choice probability learning studies (Humphreys, 1939, Grant, Hake, & 
omseth 1951) to distinguish operationally between nonreinforcement of 
one response and reinforcement of the alternative The S's task in those 
s u ies was to predict whether a reinforcing light would or would not 
occur on each trial During ‘ acquisition the light was scheduled to appear 

ticular'p ° V 5 ° f ^ lnals > depending on the condition for a par- 
t. „ \ dunn S extinction * the light no longer appeared at all 

rcinforrrm^nfV^ rCSp0nsc of P redlctin g the light received 100% or 50% 
However f-.n U . nn ^ ac< l uis,tl0n and no reinforcement during extinction 
me its nonncriir ° ^ IC j °^ currcncc °f the light was equivalent to predict- 
woulr! rcnce> and tIlc symmetry of the situation was such that one 


wniitrt -v j ui uie snuauon was suen tnai one 

° f thC ! ' ght t0 havc the sa ™ reinforcing effect 
cxt.n«,on of on ^ ° CCUrrCnCC of 111(1 H* had on the former, 
the other 1 reSP ° nSC C0U,d not bc distinguished from acquisition of 


the symmetry of the res™* 00 ,ntr ° ducedb y Estes and Straughan (1954), 
inawav wh^hhasbecoTT ,n ! CS i lnd rc,nforcm S events was made explicit 
reinforcing light was assoc ' t for most subsequent work A separate 

to predict which of .J, ," o' 1 "' cach rcs P° n s= key, and the S’s task was 

situation, extinction and* 0 Would occu r on each trial In the modified 
tn which a ^ d ' ! “E“'sl-ad. for following a series 
S " response has been the more frequently reinforced, one may 
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shift either to a reversal senes in which the light associated with the alterna 
tne response occurs more frequently or to an extinction series in which 
neither of the reinforcing lights occurs , , , 

To my knowledge, the first use of nonreinforced trials m the symmetric 
choice situation occurred by accident in an experiment from which the 
acquis, tion data have been reported by Burke, Estes, and Hellyer ( 954) 
It had been intended to follow the acquisition senes by a reversal as m a 
later study by Kalman ( 1961 ), but through a failure °f “'""'umcanoa the 
5s were instead shifted onto a senes of nonreinforced trials To dte con 
siderable surprise of the investigators, the mean resp°n . ^ c “ “a m 
approximately 90 10 at the end of acquisition, remaned v^tdly con tan 
over the extinction senes Essentially the same result was nMam'dmala 
study by Neimark (1953) when a block of 50 
even following a 66 34 noncontmgent acquisition series These 
lions suggested 8 that under some circumstances blank Inals m.g * 

events,! 8 , produce no change m response P-bab. « 

depend on the responses evoke f the function of blank trials to be 

occur (or fail to occur), we might P ^ lns(nlctl0ns Under expen 
quite sensitive to the experiments ^ of )hc studie s mentioned 

mental conditions differing so slight y Iso lated other investi 

above that the cnt.cal differences have not yet been ^ ^ 

gators (Anderson & O ra nt, 1957, Greeno, 1962^ ha^^^ ^ 

to produce an effect, probab y s «’ . ernenta l ’ in the sense that it in- 
stimuli, which may be describe as ' ^ loward a chance level The 

volves a regression of response p o[ H conditioning where 

whole picture is reminiscent of that in it ^ during acquisition 

blank (unconditioned — conned response probability 

usually exert a decremental effect ^ (Grant 4 schipper, 1952) 
although m some cases this effect ry the £ to interpret the 

When the expenmental response to mean that he 

absence of a reinforcing sig correct, particularly likely to e 

alternative response would have beer corn . P & Sakoda , ,956, Brand 

ease contingent 6T and even more reliably so when 

Sakoda &Woods,1957,Ne.maik 195W, (ion (KoeMer , 1961) 

instructions are designed to e ™\ C ' a ” t0 %duce an effect equal and 
the omission of a reinforcing s, S" a ‘ opP dcr the !e circumstances a shift to 

opposite to die effect of d. a. blank trials, following an 
extinction, in the sense o 
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acquisition series results in response probabilities going to a chance level at 
a rate about equal to that of original acquisition (Neimark, 1953) Although 
there remains adequate scope for more detailed analyses, prospects appear 
reasonably good that the whole problem of effects of nonreinforced trials 
can be given a coherent interpretation m terms of the responses evoked by 
reinforcing stimuli and their omission under various experimental arrange- 
ments 


Intertrial interval — -Evidence concerning the role of trial spacing in 
human probability learning is rather sparse Studies in which intertnal 
intervals have been varied over about die same range usually studied in 
conditioning experiments have generally reported no significant effects on 
rates of acquisition or extinction (reversal) (e g , Anderson, I960, Grant 
Homseth & Hake, 1950) On the assumption that this insensitivity might 
result from 5s’ bridging the temporal gaps between trials by verbal rehearsal 


or persisting postural adjustments, other investigators (Estes, 1955, Strau 
ghan 1956) have used distracting tasks to fill the intervals, under these 
conditions, rate of learning and rate of reversal have both proved to be 
inversely related to intertnal interval over a range of 5—30 sec No evidence 
has been forthcoming to indicate that massing of tnals in the two-choice 
situaUon produces a decrement in the terminal level of performance com 
parable to that routinely observed in classical conditioning experiments 
One must note, however, that even if the same process were operating its 
effects might not be manifest in choice data since presumably both of the 
alternative responses would be affected Relevant information might be 
provi cd by studies in which intertnal interval was vaned but with latency 
as we as choice data recorded In the only published study of probability 
learning involving well spaced blocks of tnals run under the same reinforce 
ment schedule, a spontaneous regression effect, comparable to that familiar 
^ instrumental and classical conditioning situations, was observed 

(Estes Burke, Atkinson, & Frankraann 1957) 

to ext,nctton — Two of the classical problems m both Pav 
' Z : m!, , nmcnlal “"d'Uon.og have been those of the effects of 
™ ,orc ™'M5 and intcmmtency of reinforcement upon resist 
tion tn stint o 2 hrst °I these relationships has received little atten 
come aerrx.: S ° WCM: ^ 0,CC behavior The only relevant experiment I have 
(,959a) ra which different groups 
h«n e Ih,fted n “ mbcrS °' => 50 50 schedule before 

went from 3 10 schedule The rate at which the learning curves 
less frequenth^ 11 P rob “ blll ty of 50 to the new asymptote of 10 for the 
pre shift trials was inversely related to the number of 

schcdulc qujtc m accord thc usual find 
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The effect of partial vs continuous reinforcement was one of the first 
problems studied in the verbal conditioning situation (Humphreys, 1939, 
Grant, Hake, 4 Homseth, 195 1 ), and the gross results, increased resi stance 
to extinction with partial reinforcement and a direct relationship between 
percentage of reinforcement of a response over a considerable range o 
values and speed of extmcuon or reversal, have, again, been in agreement 
Ihate relationships generally found to obtam .for other cond. non ng 
situations At a finer level of analysis, Hake, Grant, and Hornsett (1951 . 
studying verbal conditioning and eyelid conditioning with parallel expert 
mentrd designs, found similar relationships between — emeu du mg 
and the number of shifts from nonremforcemen, . o reinforc 
acquisiuon They found a difference in the effect o o Question as to 
runs during acquisition in the two situations, but v q 

,h \ZS;ir^s" extinction ^^^.tlonS 
Webb, and Gallagher (1959) for groups run.natwo dnaMM ^ 
partial knowledge of results, under t is co ^ Jight stimulus 

predicung vvhether or not a light vvould pp ^ , s 

with a given probability ( 30, DQ jnformatlon on trials when 

when they predicted the >$ ' b u “ betwKn this result and the 

the°bar or^peck^he reocivesno mforruatwm as to whether die response 



effects on other varieties of human learning , end som e enc ouragement to 
enough m a substantial number of '“F® Un[oItlI nately, however, d.f- 
the assumpUon of common asi p ^ dl fferent situations, together 

ferences in the behavioral measure produce presumably similar 

with differences m the any to eonelusions from com 

effects, limit the possibilities i of airmng at ^ aimIiary source of 

pansons of gross empincal relations c ^ nM denn S would involve compan 
relevant evidence which may be ^ deve Iopment of descrip 

sons at a more analytical lend, « J as 0 nce we have established 

tive and predictive theories in , -««cinal ‘t\ 


uve ituu p f J ™ToMh= pnnc,pal • types ' of human 

satisfactory theoretical models f cnmmun3 l,ues that "“u'd n 

learning, compansons oUhea:^ y ^ Aj a first stcp toward a ice ™P_^ 


learning, comparisons oi , As a first step tovara *” r 

be apparent at a strictly phenotyp^ 1 of a ,heory which appears 

live analysis, 1 shall now turn to a bnet 
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to offer some promise for this purpose m the area of probability learning 
The theory to be discussed is a particular case of stimulus sampling 
theory which may, for brevity, be designated as the pattern model (Estes, 
1957a, 1959b) I am utilizing this model, not because it is even a close 
approximation to the most adequate that could be offered as a situational 
theory for probability learning, but because it appears to offer the best 
available compromise between the always conflicting demands of simplicity 
and predictive power The principal assumpUons are as follows 
Response analysis The theoretical dependent variables are the probabili- 
ties of the response alternatives, which may be denoted Ai, As, etc , recog- 
nized by the experimenter It should be noted, however, that although these 
probabilities are evaluated by the observed relative frequencies of key 
presses, yeses and noes, or the like, there is no assumption that a particular 
response alternative, Aj, is to be empirically identified solely with a particu- 
lar movement such as pressing a given key or saying “yes ” It is possible, 
for example, that Aj might represent a class of verbal hypotheses, or rules, 
all of which have in common the property of specifying a given verbal 
response or operation of a given response key in a particular stimulus 
situation 


Stimulus analysis Recognizing that, even though the experimenter 
presents the same signal at the beginning of each trial, the S may discrum 
nate stimulus traces from the outcomes of one or more preceding trials, 
it is assumed that in general the S may have potentially available for 
sampling a population of different stimulus patterns Both the number, N, 
and the nature of these stimulus patterns wiU be determined jointly by the 
stimulus displays presented by the experimenter at the onsets of successive 
tria s, y the reinforcement schedule, and by the learning history of the S 
prior to the given experiment It is to be expected that a fully adequate 
account of a particular experiment would require identifying all of the 
s imu us Patterns actually discriminated by the S and determining their 
t. ? £ r ° Eddies But for our present purposes it will be expedient to 

arc nssnnv'fTr i? lhC Sim P lest s P ecial ca se in which all stimulus patterns 
identify them mdmdSy S ™ P ''" g P robaM '"« “id "0 attempt is made to 

at MWi'me lD thc S ' m P le P aUem modeb « is assumed that 

“connected tn , h ,m “ lus P atlcrn ls associated with (“conditioned to,” or 
a rattem is siJjTa .c ° nC ° f thc res P° nsc alternatives A,, and that when 
p c the response associated with it is necessarily evoked 3 

he made for the *heory than that considered here allowance would 

thriulus patterns some or all of the 

A, (La ftcr r« 19S9M n- . , that ,s con dHjoned to none of the alternates 

* ° n lr,aU 011 * h *h neutral patterns were sampled, the 5 
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Thus the probability of a given response at any time is equal to the propor- 
tion of all available patterns that are associated with it Learning is assumed 
to occur on an all-or none basis Specifically, if A, is the response o predict 
mg the reinforcing event E, then an occurrence of E, ls assu “ ed j° e ™^ 
from the S a response, possibly covert, of class A„ and with some fix d 
probability c this response becomes conditioned to the sttmu tat P*. n 
sampled on the trial (if it is not already so conditioned) I. ™U be .noted 
that the learning process assumed is at the opposite extreme from hat 
unphed by the traditional law of effect or by a drive red^ion mterpre.a ion 
of reinforcement, for learning occurs only on incorrect trmls that ,s 
trials of the type A.Ea or A-E.-no learning occurs on trials when the 

prediction is confirmed (AiEj or A-E-) remarks 

P Before proceeding toward data, it might be well to jn ert a few remar^ 

concerning the relationship between the pattern probability 

linear model • which has been applied ^ W* the 

learning, beginning with the analysis ^ ' on e ' c h trial 

original, and simplest, form of this m , of the COIT espond 

when a given reinforcing event E, occu,s ' * P , . Iinear i rans form 
,ng response, A„ receives the increment described by 

p. + , = (I-« P . + A (1) 

where p, and p .+ ■ denote the probabilities between 

n + 1, respectively, and » is a teaming P d$ on tbo current level of 
0 and 1 The effect of the reinforcing e ' e t of tIle response which 

response probability, but it is entirely independent 

happens to occur on the given tna , the pattern and Unear 

Important similarities and differen j desc „bes the change in 

models arise from the fact that in e ’ gn indivi dual S and also the 
response probability on a rem OTC f t he former, learning in 

mean change for a popula.ton of 1 (or 1 to 0) and Eq 1 

individual Ss oceurs by jumps in P vah es ho ^ & [for £ull e , ucl da.,ons 

applies only .0 .be mean change for a P P ^ ^ event 

weald choose at random from the «. of male, of to 

learning could occur on correct ma^°- sc. IMJ* 

patterns would be condition considered m this p ^ p . Iearn fng situation 

model would reduce to th % speC ‘„ n ^L enc ,es m the probabiWy 
honed that the treatment of ^ ^ noUon of neutral elements 
within the stimulus sampling . 1959 Bryant 

B, .Tor i ral,o„ s and ex.enuons of to «>»« 

and Manca ( 1959 ) Bnrte and ^ (1960) Re.Uc 

Hanama (1960) ° veral t959b) 

(1961) and Sternberg (1959a 
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of both models, see Estes (1959b) and Estes & Suppes (1959)3 Because 
of the similarity m the one respect, both models yield identical predictions 
concerning mean learning curves and asymptotes and curves of response 
probability as a function of runs of reinforcing events (recency curves) in 
the noncontmgent case, and both yield general probability matching theo 
rems (Estes, 1957a, 1957b) Because of the difference in the other respect, 
the models yield different predictions concerning sequential dependencies of 
responses upon combinations of preceding responses and reinforcing events 
Howeser, as we shall see shortly, even where there are differences in predic- 
tions at the level of fine structure of the data, these differences are apt to be 
very small When one is concerned specifically with evaluatmg all or none 


vs incremental conceptions of the basic association process, the differences, 
though small, may be of considerable importance But for all practical 
purposes they may be ignored while we proceed with the task immediately 
at hand to determine how well probability learning data support a theory 
(or, more precisely, class of theories) based on the concepts of stimulus, 
response, and conditioning by contiguity 
When first applied to the two-choice probability learning situation, sta- 
tistical learning models seemed quite successful by the standards prevailing 
at the time They provided satisfactory descriptions of the typical form of 
the learning curve, not a taxing assignment, but still a test that had to be 
passed by any theoretical candidate The parameter 6 was not invariant 
over all combinations of initial response probabilities and reinforcement 
probabilities as required by the simplest model, but continued research 
yielded normal progress toward clearing up these disparities The predicted 
sensitivity of response probabilities to local fluctuations in density of re 
inforcing events was nicely borne out (Estes & Straughan, 1954) And, 
K- n S (0 general public, the predicted matching relationship 
V* ^ s )™P totlc response probability and probability of reinforcement 
f, ' ’° account for something of the order of 98% or 99%> of the 

rmiintV 1 carama l mean response proportions for a large number of 
(Este 1961b d 196na) US " 0nCOn,mgenl schl;du 'es in different laboratories 

cal" I Jieon E mwl,?l!!’ eSe 1 “ es ° f cvldence ”> apparent support of the statistl- 
% l*Se 2d,?„ q ’ KSt,0nCd ° n Van ° US S'"nds In eonnectron with the 
predicted values e ° nC c3nn01 overl °ok the fact that deviations from 
mvmTed ' H MmC, ' mCS obs:r ™ i (evidence on this point has been 

instances other modekem IT' a " d oll ' ro ' ls “rollary, that in these 
Gardner, 19571 Cr, ** constructed which do better (Edwards 1956, 
mat chine docs occur v may ^ contcndcd that e 'en if probability 
contingent reinforcement ^P rcdict ed (for the case of simple, non 
* rc,n * orccrncn t schedules) from other theories (Feldman S. 
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Newell 1961, Simon, 1956) The statistical theory appears to be nicely 

"S «■» » — ™ ,h r *?rr£ 

that of whether they necessarily const.tnlc negative ™ d “ ce rc ’ a ™ 
theory The stimulus sampling model was not developed ns a s hr^on 
thcor^ for any particular type of probability teaming ■ ® 

concepts and assumptions do not include exphci w 

variables known to influence probability learning 
hardly fad to be the ease that for almost any P art “ ”X™s NevS 
specially constructed model would yield more accura ' ep dcrf eratlon 
thelcss, if the statistical theory correctly represe nts 1 , P en ftls 

of certain variables common to all probability ’ e o ’ i oca l 

theory should be able to of th^anance of 

theories cannot — namely, account f J F ' nts Let us sum 

tlie data over a wide range of expenme . ^ lh statistical model 

manse the results of a few of rnvolvmg 

has been applied to new expenmc ongmal formulation 

conditions that had not been investigated at the time E 

of the model) mvolved simply making the 

The first experimental variation to ppe Ss responses (eg, 

probabilities of reinforcing events p noncontmgent case the 

Estes, 1954, Neimark, 1956) Whereas , in the ^nonco ^ ^ 

probability of a given reinforcing : “Sjf,,, sn-nal might be, say, 85 
contingent case the probability 0 a P A „ jg 0 w it is hard to see how 
following an Ai response but 30 folio g ^matics than most of 

the 5s, unless they were rather w*tA**«f and ^ 

our undergraduates and also were al owed amP h thMr response 

computations, could manage by any » fTSSement, for now the final 
probab.ht.es to the relative frequence s of remto^ s )omlljr on die 

level of probabihty for a given ^ sequence of responses 

contingencies set up by * e “P c stimulus sampling theory P redicts 

produced by the 5s Nonetheless the uon / m frequencies of the « 

on the average the 5 wdl ad just h ,s response prohabih^ m 
mforcmg events resulting from , a given response Wl 

such a way that his probabihty oT mab-g ^ of me response proba- 
stabilize at the unique level winch T» f thc co rrespondmg rnn S 

A — * ctos 
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experimental context or instructions I think that perhaps the reason for this 
confounding is that investigators have tended to think of the contingent 
case as analogous to instrumental conditioning, and of the noncontmgent 
case as analogous to classical conditioning I doubt that the analogy goes 
very deep, but a consequence of this orientation is that in contingent experi- 
ments 5s have generally been instructed, not simply to indicate their ex- 
pectation as to which event would occur on each trial, but to try to produce 
a particular event, e g , a red light (Brand, Woods, & Sakoda, 1956), which 
then serves as a reward A difficulty with this procedure from the stand- 
point of a stimulus response contiguity analysis is that we do not know how 
the 5 will respond to omission of the reinforcing light Application of the 


statistical model is predicated on the assumption that a corrective response 
will be evoked when the light does not appear, that is, if the 5 makes an Ai 
response and the light does not come on, he will tend, overtly or covertly, 
to make an A 2 But m nearly all experiments with the contingent procedure, 
5s have not been instructed that nonreward of one response means that the 
other would have been correct, and m these cases there has generally been 
a tendency for terminal proportion of the more frequently rewarded re- 
sponse to go somewhat above the matching value (Detambel, 1955, 
Koehler, 1961, Woods, 1959a, 1959b) When instructions have been 
designed to lead to corrective responses on nonrewarded trials, probability 
matching has been approximated quite closely, at least for a couple of 
hundred trials (Koehler, 1961) 

Even in experiments where numerical predictions are not as close to the 
mark as might be desired, it is still reasonable to ask whether the theory 
accounts for the mam effects of systematic variations in reinforcement 
comingcncies To illustrate, let us consider an experiment conducted by 
Brand, Woods, and Sakoda (1956) to investigate the effects of varying 
differences as opposed to ratios, between the probabilities of reinforcement 
” ™ IC ' ( contingent situation With probabiht.es of reward for the 
“ ,KS response denoted by x, and r» respec- 

eoloL?J° m ? W l 3 c °™P°nd to the d, [Terences, „ - x. and the 
design res P° n ,0 the rahos «■», which were combined in a factorial 


of a theory for a wh ich poses a nice test of the usefulness 

the two factors im hardl y cx pcct to assess the relative importance of 

die authors lareelv °£ IntU,UVC grounds According to their account, 

bihty of B ,“ s (i939) * ° f p roba 

would be about dvailcc of lhc experiment that the 5s* behavior 

tics and to \ ariahon l ° vanaUon m ratlos of reward probabili 

probability of the r * Crcnces Wlt h ratios held constant. Specifically, 
F my of the more frequently rewarded response should increase as a 
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Observed and Theoretical Proportions of More Frequently 
Regarded Response in Relation to Ratios and 

Differences between Reward Probabilities 


• Read Rom graphs m Brand Woods, & Sakoda (1956) 

function of both increasing ; differences interaction 

hypothesis of a probability discrim results of the experiment were 

was expected between these vanab '’^"portions for the final 40 
quite opposed to these expectati P P significant covariation 

tnals of a 120-trial series (see Table 3) hg^y ^ cons ,ancy 
with differences m reward P robab ^ ^ snjal i er dlffe rences, and little 
over a wide range of ratios, «P=n 1 ^ m response probability did 
indication of an interaction change was in the opposite dire - 

occur as a function of reward-rat , 6 why should this be Ac 

„on to that predicted from Bninswiks analy^^ ^ if 

cording to the statistical theory, ‘t is ^ ssumpl , ons discussed earlier 
learning is proceeding in accor combinations of reward pr 

Computing theoretical as y m P ,0 ' e *. . um mo del generates the, to my mi 
bill ties used m this study we find to prob abrhty of die more 

highly counter-intuitive, prediction of a probab,hty tothat 

frequently rewarded response as to _ra occurring between 

of the alternative response nereis nm t o ^ on, to 

mhos of 2 1 and 3 1, with ““‘I^bserved was a declare ». to 

yfcrisssa - -ZZisiZSzzZR 

ference » reward probabdm« response increased 

tion of occurrences of the more q 
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a positively accelerated fashion from 60 to 80, which may be compared 
with the prediction of a positively accelerated increase from 57 to 79 
This example has seemed worth going through in some detail because 
it helps make the point that the most instructive tests of a quantitative 
theory have to do with its ability to account for intrinsically interesting 
functional relationships rather than simply the predicting of absolute values 


of data statistics for their own sakes Further, re examining the experi- 
mental arrangement in the light of the theory, we can gain some insight into 
the reason for the rather unexpected result According to the theory, learn- 
ing occurs primarily on trials when incorrect responses occur Conse 
quently, the key question is how the frequency of incorrect occurrences of 
each response will be affected by variation in differences or ratios of reward 
probabilities With respect to differences the situation is relatively straight 
forward Increasing the difference reduces the probability of incorrect oc- 
currences of the more frequently rewarded response, or increases this 
probability (or the other response, or both simultaneously— in any event 
leading to an increased difference between the two response probabilities 
Effects of increasing the ratio of reward probabilities may be more complex 
Suppose we start with a schedule, say 1 0 50, under which the favored 
response has a high asymptotic probability (in this case 1 0) and then 
proceed to increase the ratio of reward probabilities from 2 1 to 3 1 while 
holding the difference constant, by shifting to a 75 25 schedule We will 
have changed the probabilities of nonrewards following each response by 
equal amounts, but the response which had higher probabibty under the 
* e U c w on tbat account be subject to the greater increase in 
nrohihV* ° J 10t y ewar ds and therefore the greater reduction in response 
procrcssivelv xt* increases ,n tbe rat| o of reward probabilities entail 
to 6 1 inrr^c nia ti i er cba /^ s , m fre 4 uenc y of nonrewards (going from 3 1 
less than half ^ ° P robabllu y of nonreward following each response by 

gres sivcw sll^r m r 35 SOing fr0m 2 1 ‘0 3 1) and* consequently pro- 
8 S “mihr anaW r 8eS “ P r ° bablhUcs ° f the two responses 
published elsewhere andl ^ p,ex reinforcemcn t contingencies have been 
these arc the problem nf h " 0t attem Pt to rcview all of them Amon S 
combinations SZl ^ hg (Estes ’ 1957b ’ 1959a >] 

contingency of one Wr, ” “Agencies (Brody, 1957), and 
son &Suppcs, 1959 Burke* iSS e ^n Up0n behav,or of another (Atkin- 
1960) iTsh onlv ’t^ u 59, 196 °* Estcs « 1957a > Suppes & Atkinson, 
mg of numerical nrcdinT^ ^ eacb casc lnv °l ves n °t only the test 
tionships One can for »° nS t Ut 2 S ° tbe e l UC!datI on of more general rela- 
one had thought in C * account f° r the curious finding (which no 

the probSfct ° Unl " “ '« predicted by the theory) dial if 

made by the subiect i »r,-,t rCing , e ' Cnt ° n an y tr,al de pcnds on the response 
1 ‘ ‘ na,s carI " r - >hen, other dungs equal, the asymptouc 
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response probabtht) ,s mdependent of .he lag v Sumlarly, one . can show 
m detad how it is that some schedides of onlcome contmgenc.es ( payoff 
1 c !• ) m simple games of strategy perm.t the Ss to = 

theorettc opt.mal strategics while other sehedules lead to large dev.at.ons 

*7,r.g» *■■»■■» 

data These details include, e g , dependei nc,es 1 ° P . mi JJ e diately pre 
sequences of responses and reinforcing i even^ ^ by aM , ogy wlth 

ceding portion of the trial series A g { prediction 

other research areas, published results P-^L an^succ^es ^ver the 
exhibit a by no means random P att ^ r ” Anderson I960, Brody, 1958, 
collection of pertinent studies (mcludi g » Suppes & 

Estes & Straughan, 1954, Fr.edman et a ,1963 ’elosely correlated 
Atkinson, 1960), the proportion ol ments ,o sat.sfy the 
with the number of measures taken theory used for predic- 

simphfymg assumptions of the particular case of the ry 

" What ts one to make of the fact that 

at the level of fine structure sometimes such as curve forms or 

yield confirmatory results relative o g t0 dismiss the gross cor 

mean asymptotes 9 There « iA». for one cannot real 

respondences as “fortuitous (c details of relevant data Rather, 

istically expect any theory to predict a unlll further analysis has 

seems wtse to defer judgment tn ot “ suM sses and failures m 
provided a satisfactory in.erpre.atton of both 

the ongtnal predictions that something is wrong 

Errors of predict™ are assumphons of the then? 

And the something wrong may be ^th b m (he case of the theory 

under test Th.s possibility canno. be are incorrect and 

of probability learning Conce,va ^, ed and observed terminal response 
the correspondences between p . accidental, the cases o o 

levels in the noncontingent case ara ^ acess quite different 

matching having arisen through* 0 ™ f hls argument becomes rafter dd 
represented in the statistical m predictions receive a , 

fieult to take seriously when asyrnP °nc P ^ conduct te s un e 

proportion of close confirmations as we^ ^ deviations from 
new variations in conditions km g a good deal of coi j 

theory are being averaged nut i.^nskj^ ^ out the particu 

argue that simply by chance they ^ ^ 

values predicted expected to occur also 

Errors of pred.ot.on must be expecte 
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assumptions of a theory are essentially correct, as far as they go, but when 
our anal) sis of the empirical situation has not yet isolated all of the signifi- 
cant sources of vanation m the data To the extent that empirical variables 
represented in the theory are independent of those not represented, effects 
of the latter may be expected to average out when predicted relationships 
involving the recognized variables are being tested When there are inter- 
actions, on the other hand, the effects of the unrecognized variables will 
be reflected m errors of prediction 

In raising the question as to whether a particular model for probability 
learning is correct, I am usmg the notion of “correctness” only m this 
somewhat special sense On the whole, the trend of recent experimental 
results suggests that, at least for adult human 5s, the probability learning 
situation may be too complex to be handled m all desirable detail by any 
manageable model Nonetheless, it is worthwhile to locate, if we can, 


models which accurately represent some of the component processes Such 
models may provide a basis for illuminating comparisons between prob- 
ability learning and other varieties of learning which are equally refractory 
to complete analysis 

Before we turn to comparisons involving other learning situations, it 
may be instructive to give one example of sequential analysis of probability 
learning data under relatively optimal circumstances For this purpose I 
shall discuss a case in which the theory is used first to specify suitable 
test conditions and then to generate quantitative predictions 
It is assumed m the stimulus sampling theory that the 5 learns by the 
formation of associations between his choice responses and stimulus pat 
terns which may include stimulus traces or verbalizations based on preced 
ing events Thus until more is known about how the subject samples stimuli 
nnnK 00 * & P reccdm g sequence, we cannot expect much from fine gram 
CS> CXCept m the nonc °nbngent case, where all available stimulus 
subsem^r, h ° W constltuted ’ have the same correlations with 

occuiTcd r«nL° ICln ^ C ' enlS Also, we must expect that until learning has 
«“"»'>« patterns avertable for sampling m a given 
most Tasorable'r detemunc< * W gnncraloatton from other situations The 
hom *e s,mi P“*<*on, of seqnenttal data 

* e hM = CMmdered evidently be as 

schedule with reasonably aS ^?P tot,c data obtained under a noncontingent 
to meet these ™ * * S ™P’= data 

three-session study of Fried™* ?" d 96 <m,s ot thc 8 senes of ‘ hC 
are presented ™ " U , 963) C " cd car] ' £r In Tab,£ 4 

t)pc A.C.A.*, uooled 0t occ “rrences of triplets of the 

salucs computed from the I S 3nd 96 lmls ’ to E e ther with theoretical 
P 'rom the linear model of statistical learning theory and 
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TABLE 4 

Observed and Theoretical Triplet Proportions 
for Trials 97 192 of 8 Series 


Observed 

\alue 


56’ 

116 


081 

043 

054 

019 


Linear 

model 


560 

116 

106 

O’l 

082 

045 

052 

019 


Pattern 

model 


O’O 

032 

044 

053 

019 


from the pattern model [for the “ m P“ latl ^° ™f or ’the pattern model] 
(1959) for the linear model, and Es ; ( ns corefu ,i y c h os en so as 

Evidently we may conclude that, unoer ^ responS e upon 

to minimize extraneous factors, t c P B descn bed exactly by the 

the event and the response of the preceding th( , ,h e ory can agree 

theory One might wonder how the sharp ly „nh respect to one 

so closely with each other when they d >9 y ^ bs recaIled , as 
aspect of the learning process The p , )aslSj and only on incorrect 

sumes that associations form on an a jn res ponse probability on 

trials, whereas the linear model a o learning rate in this expen 

all trials However, it should be noted bo.ng es.nna.ed a 

meat was rather high, the * value for the ha (w0 mo dels do not 

15, and in this case the processes e ““ a S e probability prescribed 
work out very differently The mcmment* resp P ^ curren , fcvelo 
for any reinforced trial by die hnear model “ L = «1 - P->. and 
probability, according to < he / ela ''°° ^ + a u, negligible when p. is 

will be relatively large only when p. nse probability for J 

unity Given a relatively large * va on the average the choice 
will fluctuate considerably from tn ls when p is hig 

whose probability is P will occur mos.^en ^ ooe wi.b probabi,,^) 
fore, correct trials (AjEi, if mnm eDtary value of P ,s - tlon 
will occur most often when ® reinforcement small, “ , s j oW 
possible increment from an cffectt momentary value ° p 

trials (A.E,) will occur most often when m ^^i large Thus, 
and the possible increment from a 
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though for different reasons, both forms of the theory actually agree in 
predicting that learning will occur largely on correction trials, not because 
the effectiveness of the reinforcing event depends on the preceding response, 
but because the momentary value of response probability is correlated with 
the response occurrence The results shown in Table 4 seem to bear out 
the common prediction 

The one feature of the comparisons m Table 4 that is not entirely satis- 
fying is that some of the observed data (3 of the 7 degrees of freedom in 
the 8 proportions) were used to estimate the parameters of the models, 
and it is hard to judge by eye how much of the agreement between com- 
puted and observed values is attributable to this constraint One way to 
get away from this limitation, and obtain an exceedingly stringent test 
of the theory, is to use the parameter values already estimated from 
the triplets as a basis for predicting the probabilities of longer sequences 
These computations have been completed for all 32 5-tuplets of the form 
(A*E»A B+1 E B+ jA n+ «.), as well as selected longer sequences, using the pat- 
tern model, the linear model, and a number of other cases of the general 
stimulus sampling theory, as part of a detailed analysis now being prepared 
for publication by the writer m collaboration with Professor Patrick Suppes 
Another way to gam some perspective relative to the correspondences 
between theory and data in Table 4 is to examine predictions for the same 
data generated by models having the same general structure and the same 
number of free parameters but differing with respect to one or more as 
™P Uons s,nce both models represented in Table 4 assume that learning 
primarily on error (correction) trials, it is of especial interest to 

I^r n mnHM . . r 


consider a model which 


assumes instead that learning occurs primarily 


ccial 


correct (rewarded) trials A convenient choice for this purpose is a spe — 
\ linear model which has been analyzed extensively b) 

revnon<j* oste cr (1955, Ch 8) Letting denote probability of the Ai 
thismodcl as follows 3 * "" S,ale kara,n S ass ' ,m P tl ° ns f ° f 


If Aj and Ej occur 


on trial n. 


P-+ 1 = (1 — 0)p H + 6, 
■t A, and E- or A, and E„ occur on Inal 

P*+l = P„ 

if A. and E; occur on trial n 


Thus probability of 
and i$ correct, and 


p„ + 1 = (1 -B)p. 

A, undergoes an increment on trials when Ai occurs 
ecrement on tnals when A 2 occurs and is correct, 
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whenever e.ther response is incorrect response probability remains un 

the standpoint of theoncs 

confirmation of expectancies to be the considered previously 

this mode! may seem more promising Table 4 

However it does not fare so well when applied to the data o^l ^ g 

Using standard derivational techniques ( us probability of 

Estes & Suppes, 1959) one can for exampl show that tn p ^ ^ 
a shift from A, on trial « to A- on trial n + 1 " t ^ Ai on lna l „ + 1 
is equal to the probability of a shift from quantity v n — « * 

when an E x occurs on tnal n (both being equ ^ on tnal n ) But 
where is the mean square ° f ™ ‘to find that the observed condi 
from the response proportions m Tab hlfts are 215 and 129 

tional proportions of these two types o ■* P® Analysis of the other 
respectively a substantia, dqm®^*** ena Js this mode, to 
triplets shows that no choice of p ente( j m the table These re 

compare favorably with the other two P ' ^ con( ] 1 tions of this study 

suits tend to support the assumption ^ required by a contiguity 

learning occurs primarily on correc io dd trials as would be re 

type association theory rather than on rewa 

quired by theories based on the aw o preceding theoretical is 

Comparand analyses- The P ert 'Xn t he potenUal usefulness of to 
cussion to our present task lies pn Y poses 0 f comparative an y 
type of theoretical model considere tQ t jj e unevenness of theore i 

ses of different learning situations ° g . ng we have at present only 

development in different areas o u tjmtial accomplishment in 

begun to approach a stage in w 1 wg sha u be able to inclu e y 
direction might be possible In * ‘ s 1 anner m which comparative ana y 
a couple of brief illustrations of the mann 

might proceed , ne arly ready for fruit u co P 

The combination which appear. most** J assocl ate learning Bo h 

sons vs that of probability learnmg and^p,,^^ ^d fc n CS 

versions of stimulus samph g d associate situatio mrallel 

model have been applied to m fact been 

probability learnmg The cours model was the first I V app eared 

As with probability learning the h d the early resu “ s ^ P enved 

family to be tested on paired to find that curves 

surprisingly successful It was no ^ . associate learning c com 

from the linear model desmbedp nes and othe [ [e 

as those dertved bn, L « 

parisons are given in Estes V accounts of su 

to go further and generate quantitative 
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that between learning rate and number of response alternatives (Bower, 
1962, Estes, 1961a) or the frequency distribution of errors per trial (Estes, 
1959a) As in the case of probability learning, however, attempts to ac- 
count in detail for the fine gram of the data proved more successful with 
the all or none pattern model than with the linear model (Bower, 1961, 
1962, Suppes & Ginsberg, 1962) 

Each variety of human learning has its own local problems, and these 
must be minimized or somehow partialled out in order to make worth- 
while comparisons between areas possible In the case of probability learn- 
ing simplification of conditions seems to have been carried furthest for the 
two choice predictive situation with noncontingent reinforcement In the 
case of paired associate learning inter item interference effects probably 
constitute the major local complication, and therefore comparisons had 
best be based on data from situations with materials chosen to reduce 
stimulus and response generalization Subject to these restrictions we have 
the interesting conclusion, based on studies cited in this and the preceding 
section, that data arising from these superficially quite different types of 
experiments can be accounted for m detail by special cases of the same 
basic model This result I am inclined to take as evidence that the learning 
process is essentially the same in these two instances For taxonoraical pur- 
poses, the principal difference between the probability learning and the 
paired associate learning situations lies in the degree of experimental con 
trial ° VCr lhC SUmuluS P atterns mailable for sampling by the S on each 


Less material is available for comparisons between probability learning 
an classical conditioning To some previously published analyses of the 
tirst few trials of an eyelid conditioning experiment in terms of the pattern 
mo c ( stes, 1960b), I can at present add only some fragmentary results 
irom an investigation in progress 

r rt,er l ° nC ° f thc P nnCi P al loca l complications in the instance 
oWrvi-fi^ 1 condltlonm 8 situation is the response decrement normally 
analvsis th * SCnes massc d trials For purposes of a comparative 
PrOCeSS 11 seems des,rable to with data 

In collaboratinn'uMhtw dcs, » ncd t0 minimize this source of variation 
? »mpk oU20 ™ T 1 I h“vc been able to collect 

parameters such that curves TraTc'™ 1 '' 5 ro " ” h,S ' ab0ra,0ry 
unity o\cr a senes of 100% f ? ? y appCar l ° be a PP roach ‘ nS 
which these data „ rc,aforced trials [For the conditions under 

Group m'm nr m" COllK " J see Gormczano and Moore (1962). 
Tabic 5 a nT shown u ° 0rmc2a "° 0961), Control Group] In 

nt CRs in shdim; blocks >J rop<m,ons r ° r ° cc “rrcnccs and nonoccurrcnccs 
B f three trials, pooled o\cr a 70-tnal acquisition 
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Observed and Theoretical Proportions of 0ccuE '“‘f„ < ^"'” 

NONOCCURRENCES (N) OF CONDITIONED RESPONSE! OWR BlOCkS 
T.nrr CucrraHT TRIALS In = 1 2 06 / 




Theoretical 

n + 2 

Observed 

Linear model 

Pattern model 

C 

N 

C 

N 

C 

N 

C 

N 

685 

064 

067 

018 

076 

022 

030 

037 

685 

064 

070 

015 

078 

020 

0’5 

042 

685 

064 

070 

015 

077 

021 

026 

037 


series, fogelher with theoretical values calculated 

and the pattern model The equalities across th ^ « 8 , est of 
forced by the estimation procedure, ® d , ^ far off but of the 

the models with 4 degrees of freedom U». this 

two, the pattern model comes slightly investigation that appears 

example l included only to illustrate a line of mvestigat 

worth pursuing further 

Complex Learning Processes 1S p0SSI ble to abstract 

There seems to be little room or ° evJ j eDCe for the pervasive op 

from the phenomena of probability e S , or associa tive ,ear ™£ 
eration of a relatively simple form o number of other standar 

akin to, If not identical with those slutted Ira i of learning ap 

human learning situations ° f tW ° TZ* 

pears to depend only upon the s experimental parlance 

stimuh, a signal and a reinforcing e • motlvate( j to learn, the ® 

less of whether the 5 has been “s*™* eXaCtIy> has some probability 
succession of events tends to esta is , 0 f establishing) a respon 

which in turn depends upon many c t ’ Q anticipation, or P re P a 

to the signal which may be termed u ‘ ^^’amplcst variants of the 
tory adjustment to the following ^ Humphreys the learning ,«n 

verbal conditioning experiment orl » 1 ^ s as the pairing o a gn 

learning, and relearning of these exj^tation^ ^ * trial seems to be 
with alternative reinforemg events c ^ ctl0ns expenmenta c » 
Dearly Ihe whole sloiy *.*■«“> 

and previous experience of the j. 
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zation of hypotheses about causal relationships, can sometimes be ob- 
served, especially in the earlier stages of these experiments (e g , Galanter 
& Smith, 1958), but in the simple predictive situation not involving dif- 
ferential rewards and punishments, these behaviors evidently come and 
go more or less randomly and play no important role m determining the S's 
sequence of choices Smce the structure of the choice data can be accounted 
for quite well on the basis of an elementary learning process, it appears 
that the Ss’ verbalizations m these experiments may be more a matter of 
talking about what they observe themselves to be doing than of revealing 
systematic strategies that actually determine their choices to any major 
extent 


in tne simple noncontmgent situation, all available cues, whether as 
sociated with the experimentally controlled signal, or with past events or 
responses, have the same correlations with subsequent reinforcing events 
Consequently, it is not particularly surprising that the data can largely be 
accounted for by a theory which assumes random sampling of cues by the 
S But as soon as an element of discriminative contingency is introduced, 
as by making probabilities of reinforcing events depend on properties of 
the signal (Atkinson, Bogartz, & Turner, 1959, Estes et al , 1957, Popper & 
Atkinson, 1958) or on preceding events (Anderson, 1960, Engler, 1958, 
Hake & Hyman, 1953), the situation is quite different In both of these 
cases some of the new phenomena have been accounted for by natural 
extensions of the sUmulus sampling model, and these results tend to sup- 
port the parsimonious assumption that the same basic learning processes 
are operative as m the nondiscwninative situation Especially in the case 
ot esent contingencies, however, it has not yet been possible to handle 
Uie data in satisfactory quantitative detail The primary source of difficulty 
^ P roblem of determining the particular portions of the 
l f CVCnt SeqUCDCe fr0m * hich toe 5 is sampling cues under any 

undouSr Cen,Cnt SChcdu,C Iad mdual dtferenceT m § this respect are 
™ - Anderson (!960) has suggested 

vamuon mav co * more ^“factory interpretation of thrs eipenmental 
XlZr y , TS °tl f '°” ‘" ,tnS ‘ VC A ° [ >"*v.dnal 5s 
sponscs, or expectations ar^i gr ° un J* s f °r believing that anticipatory re 
m all human lSLg suuauonTl y.n n aUt ° maUcM associative process 

tendencies lead d.rettly t0 W " 0t aSSUme ^ these res P° nsC 

except under esnenMK. Voices, without intermediary processes, 

punishments are mtrodLTShc sVnl"'''?’' 13 As 500,1 “ rcttard! 
his overt choices vsil' be d-i* ~ ^ acc< * m a situation, in which 

tions as to what reinforcm®T llnCd n0t ° nly by bis predictions, or expecta 
approach and asoidance t* UlH ensue on ^y tnal, but also by the 

aso, dance tendenc.-s that base become conditioned to the 
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various possible trial outcomes An initial attempt to handle 

oicrt response selects under .hesc circumstances w, t hm he g=nen 

framework of sumulus samplmg theoiy has been presented elsewhere 

(Estes, 1960a, 1962b) . . . . .. . i earn 

Although I hare indicated skepticism as to the likelih h 

mg of higher order response units, or strategies pla>s any “ ” 
simple probability learning, I by no means wns “ ^ dlstmct reserva 

cannot be learned under suitable circumstances ;i , determ iners of 

lions as to the explanatory value of P os ‘ u “ n »^, t ev f dence con eeming the 
oicrt behavior in situations where we 1 ect^ ^ wisdom o[ ]eamng 

existence of such higher order units and 4eir mental proc 

heavily on postcxpcnmental interrogation leamin« the first 

esses As has been the case with other aspects of ex 

steps toward understanding strategies may c fded as they occur, 

penments in which the behaviors in ques ^ ^ ex , £nt 10 which 

so that the conditions under which they , direct Iy 

they control trial to trial responding can be studied directly 
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The evaluation of any theory has tW ° elaboraUon and development 

state, the other having regard to its pos ^ifficultY to a discussant, but 
These two aspects present obvronsly unequal difficulty 
both are needed for a balanced view , th ^ present state of 

Although Professor Estes appears wel I s ^ existing evJ dence 

stimulus sampling theory, my own “ s t0 t fa e future of the theory, 
leads me to a different conclusion Wi P fu j The following com- 
however, I think that the situation is m £ as of mve stigation which 
ments will take up three or four o understanding these two aspects 
appear to have the most importance 1 

of the theory _ . relatively unfamiliar, it wi e 

Since the pattern model used by proceeding At least roug y> 

useful to address a few remarks to itb P ^ case 0 f the urigina 
the pattern model may be consifered P iestrlc uon that exact y 

stimulus element sampling model w Conditioning can occur y 

one element (pattern) be sampled m &c single sampled 

on incorrect trials since a correct r P of the sampled patt 

pattern was already conditioned C sUmu his element mode 

curs in an all or none manner as one pattern exists ( ’ 

special case of the pattern model 111 e than one pattern e > 

learning is also albor-none of Estes’ presen Table 

would be required by the eyelid con , ncre roental manner 
5 for instance, then learning ocamt m an m modd mate 

tarn exceptions, the pattern model and h ( ^ n0 , be necessary 
the same predictions, as Estes lias noted, 

consider them separately in wha Foan dat.on grant, G 12986 

’This work was supported by National 
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Reinforcement Schedules and Mean Response 


As is well known, much of the mterest m stimulus sampling theory 
arose from the predictions of “matching” behavior in the two-choice, Hum- 
phreys’ task (Estes & Burke, 1953, Estes & Straughan, 1954), and much 
of the support for the theory resides in the generally good agreement found 
in numerous studies since the initial matching observations of Grant and 
Hake (1949) Of course, as Estes has noted, nonmatching does occur 
under certain conditions and indeed much of the work critical of the 
theory has been oriented toward demonstrating this fact However, it seems 
to me that this matching controversy has not been too useful because, for 
vanous reasons, tests of the matching prediction have somewhat limited 
theoretical relevance 


As Estes has observed, stimulus sampling theory is a general rather 
than a situational theory Application of a general theory to a given situa- 
tion usually rests on certain simplifying assumptions to the neglect of cer- 
tain variables Perfect quantitative predictions are not to be expected be- 
cause of the possible influence of the neglected variables The point may 
be illustrated in a somewhat different way with the Burke and Estes (1957) 
generalization of the original Estes and Straughan (1954) model This 
generalized model attempts to take trace stimuli into account, which seems 
qui e reasonable from an S — R point of view, and may be considered as a 
natura 1 state in the development of the theory However, this generalized 
model docs not predict matching although, to be sure, the deviations are 
not lnrop ° 


tests mathematical models are usually best interpreted within a 
is no i\nnht Cl u aX C ? me3U has been elaborated by Grant (1962) and there 
c\er ihf* 1 6 sensib ^ eness °f this view From this standpoint, how 

the penrrVi !k' C lVe precisl0n particular models can be misleading since 
The exrpnf 6 ? 1 ^ does not have the same degree of precision 

aRrce m nredin?. ™ models based on different assumptions tend to 
mind The ° mCan as y m ptotic response level should be kept in 

predict matching a ° d pattern models discussed by Estes both 
the overt rcsDonsp m tbe former » reinforcement is independent of 

correct trials Mnrr-ov m thc lattcr » reinforcement occurs only on in- 
ert models (Estes 195QV mode,s are but the extremes of a family 

Newell (19giv ’ , } ’ a of w hich predict matching Feldman and 

exhibited a larr'c rom a considerably different rationale, have also 

There wo Id f matchm S models 
"hich incorporates*!!^ ™ Somc natural tendency for any simplified model 

forcers ,o pE «, Zr Z" T* thc Stimulus cvcnts act 35 rcm ' 

matching or something dose to it for the standard 
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two-choice task Th.s may stem m pa* from 

and because of the fact that mate tng l£J ^ task tbu s imposes 

100 0, 50 50, and 0 100 reinforcement ^ than would be the case 

somewhat greater limits on the rang , . 50% reinforcement does 

with eyelid Conditioning, for mstanee, for which 

not necessarily imply 50% response , otlc response under the two 

Possibly some ofthem.emsttnmeanasymp.o ^ 

choice frequency schedule has an tQ act “rationally, predict 

the way they do A prion one mig ex P“ d£ed some 5s do However, 
mg always the more frequent e ' £ " ’ h simply do not apply 
the models do not predict they wi ’ suggest that mean asympto c 

Taken as a whole, the preceding COI ““. i, m ,ted theorencal use 

response in the two-choice frequency s prediction are seriously 

fulness In addition, even where v^mformaUve about th 

large, the mean response rate may .“‘. b ^7 be expected that oth 
cause of the discrepancy Acc “ rd ' ^’ enla i situations could y-eM 
descriptive statistics or other p theory 

cogent evidence about the adequacy of sholl)d be taken with 

This discountmg of mean *1 f ut ibe matter m a 

due cauuon since future M deviations from ma ' S, 

light It should also be noted tot to candland 195£ I wmo 
found m animal work (Bitterman Wotos^ ^ ^ experiments to 
io^n\ mnv more serious _i„.nted by pre eX P 


asymptotic response is pres i However, I think tatton 

habits than is the case with human i* » ^ m human exper.menta 

comments represent the presen s - from reinforcement 

fairly well &tes no t e s that results fr nce con 

In his summary of eviden , ^ ussed invo lvmg bave yielded 

schedules other than the on ^ , han twD cho nse Ap 

tingent reinforcement, or dK uons of wa nant some 

generally poorer agreemen c0 P nsldere d large enough t ^ for(bcr 
parently, the discrepancies possible to resol b)e in con 

theoretical concern, but it y g ma y be tbe cruc estlon co mes 
work Estes notes that the inst evidence for lh |S j cr60) work 

tingent reinforcement, and some further ^ Atkinson (W> „ wo 

from the generally good -uUs^to ® Pg Tbeu^ol more ^ ^ 

on bicontingent, two pers > r sRldy because of Ui geflera liza 

choices probably deserves ^ At kinsons <1 handling the non 

with the two choice results shows some p rom ' s ,,957), although 

non of snmulus sampling 1 0 und by Gardner as «U 
matching in to nonma.ching m die two-cho.c= 

Atkinson s model may p re 
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Conditional Probability Schedules 


There is however, a two-choice noncontmgent schedule which deserves 
more detailed comment because of its direct theoretical relevance This is 
the condmonal probability schedule introduced by Hake and Hyman 
(1953) For convenience, this schedule will be called the conditional 
schedule, and the standard two-choice, noncontingent task in which event 
frequency is varied, will be called the frequency schedule 

In conditional schedules, the probability of an event on one trial depends 
on which event occurred on the previous tnal A conditional probability 
of 0 corresponds to a pure single alternation sequence, RLRL > 
whereas a condiuonal probability of 1 corresponds to a pure repetition se 
quence, RRRR Conditional probability may have any value between 
0 and 1, and will correspond to greater or lesser degrees of alternation and 
repetition tendency within the sequence of stimulus events 

The immediate question is whether the linear operator and pattern 
models discussed by Estes are to be considered applicable to the condi 
tional schedule If so, their validity would be open to serious question For 
instance, both models predict that performance on a single alternation 
schedule will be poorer than chance whereas, of course, it is perfect 
Estes indicates that the models are not to be considered as applicable 
to conditional schedules because the differential correlations between the 
present event and various combinations of past events and responses gne 
nsc o iscriminative contingencies In principle at least, it would be possi 
o treat the conditional schedules by taking account of such contin 
us ’ Eor the sm gle alternation sequence, the event on one tnal 
would be a cue to ored.rt th* 


this arc,-?.™!.*? pred : ct 1116 °PP os '<e event on the next tnal Of course, 


? n thc ““raphon that Ss have memoir traces for past 
for U ° a there is no doubt since otherwise they could not learn, 
recenev a ^ ternatl0n schedule, nor would they show a negative 

their resulted °!f | enera Hy» Hake and Hyman (1953) concluded that 
responses C * res P° nd m terms of the preceding events and 

other investigators USl0Q *** bCCa su PP orted ty ^ work oE numerous 

tional schedule ' ^, mcinor y traces °f P^t events when they receive a condi 
traces of past Ae ntf can hardI y he doubted that they have memorj 

the linear^ operator thc y, receivc a frequency schedule But neither 

past events Mrm „ , C n ° r P attcrn model allow memory traces of 
but are rnled om S T* m 1112 theory, of course, 

models assume it,,? « sam P bn S assumptions of the two models Both 
” thM ““ efcneml or patterns have equal, or at 



133 


Stimulus Sampling Theory 

least trial independent, sampling probabilities If memory 
lowed, the sampling probabilities would vary from W. He ■ tna 1 depend g 
on what previous events and responses l«P(“ 0 ^ requ , res trace 

We thus face a theoretical inconsistency cannot properly 

stimuli to handle the conditional probability schedule, it cannot P p 
disallow them when it treats the frequency sc e wl jj au to 

According to the theory, trace stimuli Ponton any^^ ^ A 
matically become conditioned in the same y a frequency 

RLRL single alternation subsequence occurring by chancy way as 

schedule will develop conditioned traces m ef ^g trace stimuli 

if it had occurred in a conditional sche u e eve n ts and responses 

present on any trial not only depend on p p or this reason 

but also influence the present response on g ^ & no t desenbed 

response probability will fluctuate from tria t t h en neither model 

by either model Consequently, if dm <-ory in the' behavior unless, of 
can account for the trial to-tnal depen . tIon lS present 

course, only a negligible amount of trac dlscre pancies would cancel 

It could still be hoped that these trial to t J ap have n o net 
out over a number of trials so that t e frequency schedule Some 

effect on the mean asymptotic response 1S seen m the results 0 

evidence that this is true m point r 1958) who used sche u e 

Hake and Hyman (1953) and of En^ ' ( and w conditional proba 

which incorporated joint variation in con diUonal aspect o t e 

bility From the observed response to he con ^ active How 

quences, it is known that trace sUmu res ponse to the frequency P 
ever, this had no apparent effect on thc«po« tw£) 75 25 frequency 
of the schedules In the Hake and probabil.ues yielded the 

schedules which embodied differen c exteD sive data of Eng 
same asymptotic mean response e There is thus d 

pear to be in essential agreement 0 f trace 

to believe that the effect of at least cert am ^ asymptotic respo^ 

m fact cancel out to leave no net e incl dentally, that e ^ 

in the frequency schedule It may frequency and condi i P and 

Hyman technique of joint variation f £ mVCS tigating the n 
bihty would appear to be a useful tool of thc 

effect of trace stimuli evidence is not 1° 1 would 

Unfortunately, the cited etnp nam ely, whether sUmu Jatlon 

present problem whl * 'current n>° dcls ration that m a W 


Unfortunately, the cited empin^ namely> whether stlfflU i a tion 
present problem which is one of JY fflodc i s do if , n a fre 

make the same predictions as e in this connection ^ave the 

were taken into account Estes co events and ^ mea ns 

quency schedule, all combinations id Ng * event s Although thrs 
same correlation with subsequent reinforcing 
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that the Ss cannot gain any mathematical advantage by responding in 
terras o! various patterns of past events and responses, the theoretical imp i- 
cations of this comment are not obvious If trace stimuli are present, the 
theory postulates that they are conditioned in the same way as other 
stimuli, regardless of whether this is to the &s advantage or not That 
taking account of trace stimuli would change the predictions of mean 
asymptotic response is adumbrated by the Burke and Estes (1957) de- 
velopment, which represents one way of taking account of trace stimuli 
from the preceding tnal, but which does not predict matching 
It may be possible to get a consistent development of the theory that 
gives a realistic account of trace stimuli If so, the resultant predictions 
may be fairly close to those made by the present models This would seem 
rather likely for mean asymptotic response m the two choice frequency 
schedule, but rather unlikely as far as trial to trial changes in the behavior 
are concerned If this is correct, applications of the present models must 
be interpreted with appropriate caution since in the last analysis, these 
models are based directly on the trial to trial reinforcement effects 


Sequential Dependencies 


Sequential dependencies refer to the dependence between the response 
on one trial and the events and responses of the preceding trials As has 
been emphasized on a number of occasions (Anderson & Grant, 1957, 
1958, Anderson, 1959, 1960), sequential dependencies are generally more 
useful in the study of learning than is the mean response curve These 
dependencies pick up the tnal to trial increments and decrements in re 
sponse and so give the most direct measure of the action of the reinforcing 
stimuli 


Sequential dependencies which include reference to previous responses 
are often difficult to interpret because of a probability selection effect, and 
because of an individual difference selection effect (Anderson, 1959, I960) 
viuencc from such dependencies must be considered equivocal without 
a more serious study of individual differences than has yet been made 
ccor ingy, only stimulus dependencies which involve reference to just 
the preceding stimuli will be considered here 

r ^r St k r 0Wn SC£ l uem,al effects are the positive and negative 

mcan?r« CC . lS n Ja ? ,k 1951) As Jarv,k notes, the positive recency effect 
m fact n ’V P«*umpttvc reinforcing stimuli arc reinforcers 

much ° lhCr W ° rds> that lcarmn g occurs This effect has not attracted 
much specific comment 

^ r ‘ rS ' ° bservcd ^ Humphreys (1939), 
considerably more mteresi because ,t ,s inconsistent, not only vnth 
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There are a number o£ sequential dependencies other than those already 
mentioned and it is appropriate to exhibit results from a fairly extensive 
empirical investigation (Anderson, 1960) The data most relevant to p r ^ s " 
ent purposes are from the 40 5s of Group 50 which received a 5 
frequency schedule With certain changes in notation, these dependencies 
are reproduced m Table 2 The theoretical expressions at the foot o 
each column give the predictions derived from the linear operator mode 
(Anderson, 1959), and the pattern model males the same predictions 
Each entry m the table is a difference of two sequential dependencies 
In the first two columns, each term of the difference is based on 2000 
instances, the corresponding figure for each entry in the last four columns 
is 500 It thus needs no formal statistical analysis to suspect some serious 
shortcomings in the models If these discrepancies are to be attributed 
to trace stimuli, then it is evident that these stimuli play a nonneghgible 
role In any case, I cannot agree with Estes* general statement about fre- 
quency schedules that “ the structure of the choice data can be ac- 
counted for quite well on the basis of an elementary learning process 

(p 122) 

One technical comment on these data should perhaps be added The 
stimulus sequences were balanced over blocks of 50 trials so that, since 
the model predictions assume completely random sequences, it may be 
questioned whether they are applicable However, the randomness as- 
sumpUon is not part of the models but is used simply for convenience in 
making the derivations Since the balancing restriction was mild, it would 
not be expected to have any noUceable effect on the derivations It is 
possible to check this usmg a stat rat procedure and this was done for the 
linear operator model with the expected results From the standpoint of a 
trace model, it would again be expected that the balancing restriction would 
ve a negligible effect as long as the memory traces extended only over 
a ew preceding trials However, if memory traces extend over a large 
number of preceding tnals, or if there were other lone range effects, the 
situation might be different 


The Friedman, Burke, Cole, Estes, 
and Millward Experiment 

ct ai C r?Q^vl PrCdlCUOnS ^° r res P onse dependencies from the Friedman 
Although r „ CX ^ CnmCnt wlllcl1 Estes has shown appear quite impressive 
methods nanr!f C ' aluall0n must a *ait a fuller report of the data, and 
cause of iK nri!l . C , Cr , eS L tJmaUon ’ 11115 c *penment ments some comment be 
r h is d^r ,^ rCUCaI 3nd mct hodologicaI significance 

n of this experiment, Estes has suggested that such theo- 
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retical discrepancies as have 
the use of practiced Ss It mis 
response tendencies 5s bring 
as often happens, for instanc 

thus hope that extended training would wash out such tendencies, reteaung 
in pure form the elementary S-R conditioning process envisaged m the 
theory This is an attractive proposition and, if correct, it would be ot 
great theoretical importance 

A somewhat different point of view is also possible Instead of assuming 
that practice trains out the interfering response tendencies, it may be sug- 
gested that practice trams m the very behavior described by the models, 
that different practice regimes will tram in different sorts of behavior, and 


heretofore been found can be eliminated by 
:bt be expected that whatever pre-expenmen tal 
to the task would tend to disappear over trials 
:e, with the negative recency effect One could 


that each will require a different model 

To see how this second pomt of view would apply to the experiment in 
question, it should first be noted that the data that Estes reports are from 
Trials 97-192 of the 80 20 schedule given on Day 3 However, over the 
first two dajs of the experiment, sixteen 48 trial blocks were given, each 
successive block based on a different one of the nine frequency schedules 
ranging from 10 90 to 90 10 with alternate blocks on the 50 50 schedule 
In the training sequences, therefore, an event occurring on one trial will 
have a greater than chance probability of occurring on the next trial, even 
though each event occurs equally often on the average Consequently, the 
first order as well as the higher order conditional probabilities in the 
training sequence arc greater than chance, and the sequence may be 
roughly characterized by its tendency toward unusually long runs on the 


two events It is thus evident that there is an element of discnminativ e 


conungency involved 

From a common sense standpoint, certainly, one might wonder whether 
Ss would not be affected by the tendency toward repctiUon in the stimulus 
scquercc, to say nothing of the shifts in stimulus frequency from block to 
block, with appropnate changes w their behavior If so, they could become 
rather dependent on the previous stimulus, developing a tendency toward 
repetition responding , that is, predicting next that event which occurred 
last. In terms of the responses, this would mean that a correct response 
would tend to be repealed, whereas an incorrect response would tend to 
be changed Precisely this sort of behavior is envisaged by the pattern 


Although this common sense argument has no evidential status, it does 
set out ihc two lines of evidence needed to buttress the view that the termi- 
nal behavior was specifically trained in, and it also indicates where this 
evidence is to be sought. These lines of evidence are, first, that different 
tmual training schedules produce different sets or modes of responding. 
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second, and more important, that these different sets are reasonably per- 
sistent, lasting considerably beyond their establishment 
Evidence along the first hue is to be seen in the results of Goodnow and 
Pettigrew (1955) These investigators used both Short-Run” and Long- 
Run" 50 50 sequences and found that they yielded different response 
tendencies In particular, the behavior under the Long Run sequences, 
constructed in a manner quite similar to those used by Friedman et al , 
was interpreted as exhibiting a ‘ Ww-Stay, Lose Shift ‘ strategy ” This 
strategy may evidently be considered as the cognitive counterpart of the 
pattern model 

The results of Anderson (1960) support those of Goodnow and Petti- 
grew, and also give a firm foundation to the second line of evidence The 
high and low conditional probability sequences of tins experiment pro 
duced different acquisition behawor and, more importantly, this difference 
was maintained at a high level over several hundred transfer trials on a 
50 50 random sequence common to all conditions In addition, this dif- 
ference was maintained over a 2- to 6-day rest which even produced a 
certain amount of spontaneous recovery It would thus appear that the 
nature of the terminal behavior after extended training will depend quite 
strongly on the type of training which has been given 

This conclusion bears directly on the theoretical interpretation of the 
Friedman et al experiment The high conditional probability schedules 
just mentioned are similar to those used by Friedman et al m having a 
tendency for long runs on one stimulus to alternate with long runs on the 
other stimulus The use of these high condiuonal probability schedules in 
training produced a rather high rate of about 70% repetition response in 
the 50 50 transfer sequence As has been noted, this is the sort of be- 
havior which the pattern model is well fitted to describe 

At the same time, however, the low conditional probability schedules 
produced m transfer a markedly lower repetition response rate, slightly 
under 50% to be exact, and this sort of behavior is poorly described by the 
pattern model Taken as a whole, then, the data indicate that different train 
mg induces different response tendencies of considerable persistence, and 
that different models will be required to describe the terminal behavior 
following different training regimes 

No doubt it would be desirable if extended practice simplified the be- 
havior sufficiently so that some model described it adequately, even if the 
model were specific to the particular practice conditions Although this 
might represent mainly a descriptive success, its value would probably be 
sufficient to make use of practiced Ss quite worthwhile 

It is more difficult to assess the theoretical implications of a need for 
a multiplicity of models for a given task The problem would be whether the 
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various models could be unified in terms of a general theory On this 
question, it seems hazardous to make any forecast except to note that it 
may be quite difficult to account for persistent differential transfer effects ot 
the type noted above 

Stimulus Variation Experiments 

A final class of experiments bearing on stimulus sampling theory comes 
from situations m which there is an active manipulation of the signal stimu- 
lus These include the Burke, Estes, and Hellyer (1954) study of stimulus 
variability, and various experiments on probabilistic discrimination learn- 
ing (c g , Atkinson, Bogartz, & Turner, 1959, Estes & Burke, 1957, Estes, 
Burke, Atkinson, & Frankmann, 1957, Schoeffler, 1954) The results of 
these experiments have generally been in at least qualitative agreement 
with the models employed and in certain cases the models fit extremely 
well However, it should be noted that the imperfect discrimination in 
some of these experiments requires nonzero stimulus overlap, whereas the 
perfect discrimination in other experiments requires zero stimulus overlap 
(Lawrence, 1958) This difference reflects a theoretical inconsistency which 
is not yet resolved although Atkinson’s (1960) observing response formula 
tion of discrimination learning appears to offer very great promise 
The mam characteristics which distinguish stimulus sampling theory 
from other reinforcement theories are its representation of the stimulus, 
and of the stimulus response connection For this reason, it would seem 
that experiments of the class under discussion, m which there is an experi- 
mental manipulation of the discriminative stimuli, afford the best ground 
for theoretical exploration 


Stimulus Sampling Theory 

I think it is fair to say that the prmcipal accomplishment of stimulus 
sampling theory as applied to probability learning has been the emphasis 
it has placed on quantifying the action of the reinforcing stimuli Com- 
pared to the assorted normative and static theories which have been popu- 
lar in the study of probability learning the mathematical learning model 
approach has several advantages as Estes has noted In the first place, it 
begins with the effects of the reinforcing stimuli This constitutes one of 
the basic aspects of the behavior, an aspect which is neglected by the 
static theories Moreover, it affords a uniform method of attack on a wide 
variety of reinforcement schedules Finally, it yields precise predictions 
for a variety of data statistics which yield a degree of testability enjoyed 
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by few other approaches These advantages are well known, of course, but 
I do not think that they can be valued too highly 

At the same time, there are two negative aspects to be taken into ac 
count, one having to do with the behavior, the other pertaining to the 
theory 

As has been noted, the existing data indicate that there is much m the 
behavior which is neglected by the stimulus sampling models Indeed, it 
would almost seem that what is neglected is just what is most of interest, 
and in this respect one must question the net usefulness of the theory A1 
though the theory has certainly stimulated a large volume of work by many 
highly competent investigators over the past decade, the amount of knowl 
edge gained about the behavior appears quite meager and this seems to 
me to stem to a considerable extent from preoccupation with the theory 
Thus, for example, much effort has been spent on the matching controversy 
whereas the early work of Jarvik (1951) and of Hake and Hyman (1953) 
has until recently been largely ignored although this work is noteworthy 
not only for its empirical and methodological significance, but also for 
the serious theoretical problems which it raises For probability learning 
itself, it would seem that more rapid progress would be got from a more 
empirical attack coupled perhaps with the frankly descriptive learning 
model approach of Bush and Mostelier (1955) 

Presumably, however, stimulus sampling theory is not primarily con- 
cerned with probability learning behavior for its own sake, but instead uses 
the experimental situation as a tool for testing and developing the theory 
For this purpose, the question of how large a fraction of the behavior the 
models predict is not always directly to the point The question is rather to 
what degree the applications of the models support the basic conceptualiza- 
tions of the theory 

It is in this latter respect that I feel uneasy about the present state of 
affairs The failure to account for the sequential dependencies shows that 
the model assumptions about the action of the reinforcing stimuli are in- 
adequate More generally, the present models do not allow for any memory 
effect and yet the existing evidence gives every indication that memory, in 
one role or another, plays an important part In addition, there is also some 
evidence of a transfer effect which is outside the scope of the models and 
perhaps of the theory itself 

It is possible, of course, that these memory and transfer effects arc 
merely complicating factors which have only to be added on to the present 
theoretical framework However, it is also possible that these effects reflect 
the main behavior characteristics of which the present models represent 
only some ill defined av erage Judgment on this issue is difficult, but it 
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would seem that until the theoretical models are developed to a more 
realistic level, the present applications must be viewed with some reserve 
On the face of it, there would seem to be no reason that the theory 
could not be extended to handle the problem of trace stimuli There might 
be some technical difficulties in achieving a consistent theoretical treat- 
ment, of course, but one of the attractions of the theory is that it seems 
ideally suited to represent memory traces m terms of stimulus elements or 
patterns However, different traces would probably have different sampling 
probabilities and these would necessarily vary from one trial to the next 
The present simple models would no longer apply and the mathematical 
picture would rapidly become complicated Because of this, and because 
there would be no definite limit to the number of possible stimulus ele- 
ments or patterns, it might be difficult to get unambiguous tests of the 
theory 

No psychologist was ever at a loss to criticize a theory, and m doing so 
it is perhaps too easy to slight past accomplishments, and to magnify 
present difficulties and future problems On the whole, however, it seems 
to me that the ordinary probability learning situation is not the most useful 
area m which to develop the theory I have been partial to stimulus sam- 
pling theory because of its clean simplicity, but this is likely to be lost 
without a greater control of the effective stimulus than seems likely to be 
obtained in the probability learning task. Elaboration of the theoretical 
models may very well enjoy considerable success, but such success may not 
reflect very directly on the basic theoretical conceptions of the stimulus, 
and the sumulus response connecUon 
Animals or children may yield more useful probability learning data 
than has been obtained from adult humans, and the extended tr ainin g 
technique of Fncdman et al certainly deserves further exploration Re- 
placement of the guessing by a learning aspect as in the probabilistic paired- 
associate work of Voss, Thompson, and Keegan (.1959) migjit also be 
helpful There is also, of course, a wide range of learning tasks outside the 
probability learning area, and Estes refers to some initial applications of 
the theory to such tasks It is perhaps from such work that the most rapid 
progress is to be expected The mathematical tools and sophistication al- 
ready developed should be of considerable assistance in this work 


References 

Anderson N H An anaUsu of sequential d-pcndencies. In R. R. Bush & W K 
, „ * o' ,n ^hematical learning theory Stanford Stanford 

Ltuvcr Press 1959 Pp 2-S-264 

N , 11 ^ ffcCt ° f finl<irdcT conditional probability m a two-choice learn 
mg situation. / exp Psychol 1960 59, 73-93 



Stimulus Sampling Theory 

AKD |t^h N *1* * Gbant » D A A test of a statistical learning theory model for 
305 317** bchaV,0r V ' ,th doubIc s, 'mulus events J exp Psychol 1957, 54, 


Asdcrsov.^N^H , 4 CUNT, D A Correction and reanalysis i exp Psychol, 1958, 

Anderson, N. H, a Whalen, R E Likelihood judgments and sequential effects in 
a two-chotce probability learning situation J exp Psychol, 1960, 6o, 111-120 
Atvinsov, R C. A theory of stimulus discnmination learning In h J Arrow, 
S Karltn, & P Suppes (Eds ), Mathematical methods in the social sciences 
Stanford Stanford Umver Press, 1960 Pp 221-241 
Atkinson, R. C A generalization of stimulus sampling theory Psychometrika 1961, 
26,281-290 

Atkinson, R C , Bogartz, W H , & Turner, R N Supplementary report. Dis 
crimination learning with probabilistic reinforcement schedules J exp Psychol 
1959, 57, 349-350 

Bitterman, M E , Wodinsky, J , a Candland, D K Some comparative psychology 
Amer J Psychol, 1958, 71, 94-110 

Burke, C J , a Estes, W K A component model for stimulus variables m disenmi 
nation learning Psychometnka, 1957, 22, 133-145 
Burke, C J , Estes, W K., a Hellyer, S Rate of verbal conditioning w relation 
to stimulus variability / exp Psychol, 1954, 48, 1J3-I6I 
Bush, R R , a Mosteller, F Stochastic models for learning New York Wiley, 
1955 


Engler, J Marginal and conditional stimulus and response probabilities in verbal 
conditioning J exp Psychol , 1958, 55, 303-317 
Estes, W K. Component and pattern models with Markovian interpretations In 
R. R Bush & XV K Estes (Eds ), Studies in mathematical learning theory 
Stanford Stanford Univer Press, 1959 Pp 9-52 
Estes, W K., a Burke, C J A theory of stimulus variability m learning Psychol 
Rev 1953, 60, 276-286 

Estes, W K , a Burke, C J Application of a statistical model to simple disenmi 
nation learning irt human subjects J exp Psychol, 1955, 50, 81-88 
Estes, W K, Burke, C J, Atkinson, R. C„ a Frankmann, J P Probabilistic 
discrimination learning / exp Psychol , 1957, 54, 233-239 
Estes W K, a Straughan, J H Analysis of a verbal conditioning situation m 
terms of statistical learning theory / exp Psychol 1954, 47, 225-234 
Feldman, J , & New ell, A A note on a class of probability matching models 
Psychometnka 1961, 26, 333-337 

Friedman, M P , Burke, C J , Cole, M , Estes, W K , a Millward, R B Ex 
tended training in a non contingent two-choice situation with shifung reinforce 
ment probabilities Paper given at meetings of the Psychonomic Society, Chi 
cago, 1960 

Gardner, R A Probability learning with two and three choices Amer J Psychol , 
1957, 70, 174-185 

Goodnow, J J , a Pettigrew, T F Effect of prior patterns of experience upon 
strategies and learning sets J exp Psychol 1955, 49, 381-389 
Grant, D A Testing the null hypothesis and the strategy and tactics or investigat 
mg theoretical models. Psychol Rev , 1962, 69, 54-61 t 

Grant, D A , a Hake, H W Acquisition and extinction of the Humphreys verbal 
response with differing percentages of reinforcement " Amer Psychologist, 
1949, 4, 226 (Abstract) 



Norman H Anderson 


144 

Hake, H W & Hyman R. Perception of the statistical structure of a random senes 
of binary symbols J exp Psychol , 1953, 45, 64-74 
Humphreys, L. G Acquisition and extinction of \erbal expectations in a situation 
analogous to conditioning J exp Psychol 1939, 25, 294-301 
Jarvik, M E Probability learning and a negative recency effect m the serial anti 
cipauon of alternative symbols J exp Psychol v 1951, 41, 291-297 
Lawrence, D H Learning. Ann l?ei Psychol , 1958, 9, 157-188 
Schoeffler, M S Probability of response to compounds of discriminated stimuli 
/ exp Psychol, 1954, 48, 323-329 

Suppes P & Atkinson 1L C Markov /earning models for multiperson interactions 
Stanford Stanford Utuver Press 1960 

Voss, J F , Thompson, C P , & Keegan, J H Acquisition of probabilistic paired 
associates as a function of S-R, SR, probability / exp Psychol, 1959, 58, 
390-399 

Wilson, W A , Jr Supplementary report Two-choice behavior of monkeys J exp 
Psychol, 1960, 59, 207-208 



Short-Term Memory 
and Incidental Learning 1 

D 

LEO POSTMAN 

l /niters l) of California Berkeley 


This paper reviews experimental methods and findings in the study of 
short term retention and incidental learning There are important conti- 
nuities between the theoretical and methodological problems id these two 
areas Both types of studies are concerned with basic capacities and disposi- 
tions which the learner brings to the experimental situauon and which 
determine the initial reception and immediate storage of information Such 
experiments are not primarily designed to investigate the laws governing 
the integration of responses and the growth of associative strength Rather, 
they arc concerned with a detailed analysis of some of the conditions which 
limit and bias the subject s (5 s) responses in a learning situation Extended 
practice must take its departure from these initial dispositions of the 
learner In that sense the classes of experiments considered here and the 
des gns for the study of rote learning and forgetting supplement each other 
For purposes of delimiting our area of mquuy, it is convenient to begin 
with a classification of experiments on the basis of the temporal arrange- 
ment of exposures to the learning materials and of tests of performance 
In the conventional rote learning experiment, exposures and tests follow 
each other in a fixed order withm successive trials When a single presenta 
tion of the learning materials is followed without delay by a test of per- 
formance, the measures of retention define the amount of immediate 
memoiy In studies of short term retention the same experimental arrange- 
ments are typically used except that the interval between exposure and test 
is varied systematically The delimitation of short ’ in the phrase, short- 
term retention, is necessarily arbitrary In actual practice, retention intervals 
of the order of seconds or minutes are used The intensive exploration of 
such very brief retention intervals has usually been undertaken with a view 
to gauging the rate of decay of the stimulus trace Since a test of immediate 
memory or short term retention records the S's initial response to a set of 
learning materials, it may also be expected to yield information about pre- 
expenmental habits which become sources of transfer in the mastery of 

‘The preparation of this paper was facilitated by a grant from the National Science 
Foundation to the InsUtute of Human Learning University of California, Berkeley. 
and by Contract Nonr 222<5>0) with the Office of Naval Research 
14$ 
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new tasks Foremost among these sources ot transfer are the S’s modes of 
classifying and grouping the stimulus items 

In a given experimental situation the presentation of the materials to the 
S requires not only a controlled physical arrangement but also the choice 
of an instruction stimulus In the study of sensory and perceptual processes 
it is explicitly recognized that a psychophysical function is determined 
jointly by the condmons of physical stimulaUon and the instruction stimulus 
(Graham, 1952) Similarly, in a learning experiment the instruction stimu 
lus, which directs the S to the relevant characteristics of the materials and 
specifics the responses required of him, interacts with the conditions of 
presentation to determine the course of acquisition The distinction between 
intentional and incidental learning refers to the degree to which the instruc 
tion sumulus prepares the S for the test of performance Although the dif- 
ference between the two lands of learning is usually stated m an all-or none 
fashion, there is every reason to believe that set to leam may vary con- 
tinuously in degree as a funcuon of the instruction stimulus Thus the terms, 
mtenuonal and incidental, define the extremes of a dimension rather than 
a dichotomy 

The systematic significance of studies of incidental learning lies primarily 
in the opportunity which they afford to identify the principles governing 
selective disenminauon and retention of environmental events Instructions 
to leam delimit the characteristics of the stimuli which arc relevant to the 
S ' s task and mobilize instrumental acts such as rehearsal which maximize 
the amount of retention In the absence of such instructions the Ss disposi 
Uons to respond sclecUvcly to some charactensucs of the stimuli rather than 
to others come into play, as do his habits of classifying and grouping the 
stimuli The effects of such differential responses on retention can be 
assessed best when deliberate rehearsal is minimized In the interest of this 
objective, studies of incidental learning typically use a smgle, or at most, 
a few, presentauons of the materials and short retention intervals Thus, 
the experimental arrangements arc characteristically those for the measure- 
ment of short term retention 

In spite of these contmuiucs between studies of short term rctenUon and 
incidental learning, it will be convenient to maintain a distinction between 
these t*o areas of mvcsugation for purposes of the present discussion A 
separate treatment will bring out the differences in thcorcUcal concerns and 
methodological issues without losing sight of the contmuiucs 


Short Term Retestios 


The problems considered 
and s v ort terra retenuon fall 


in experimental studies of immediate memory 
into three related categories The first concerns 
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the limitations on our capacity tor immediate reproduction of the materials 
to which \\c have been exposed What are the mechanisms which determine 
these limitations 9 Is the capacity for immediate ordered reproduction m 
variant, and if it is not, how is it modified by past training and by the 
context in which it is measured? A second group of studies focuses on the 
mechanism of forgetting which comes into play as soon as a stimulus has 
been perceived and which leads to the progressive loss of what was available 
m immediate memory The experimental objective is to isolate what are 
assumed to be the elementary processes of forgetting as they occur before 
more permanent changes arc produced by successive reinforcements The 
common denominator m the third category of investigations is the concern 
with associative processes and serial organization in short term recall Once 
the materials exceed the capacity of immediate memory, what are the 
principles determining the selective retention of some items rather than 
others, and the order of their reproduction? It is in this third group of 
studies that the role of pre experimental habits in determining selective 
retention and ordered reproduction becomes a major focus of interest 

The Immediate Memory Span 

Historical dcxelopments — The experimental procedure which focuses 
most directly on the S’s capacity tor the reception and immediate retention 
of information is the measurement of the immediate memory span which 
is defined by the number of discrete units that can be reproduced in correct 
serial order after a single exposure Since the first studies by Jacobs (1887), 
research on the memory span has had a continuous history For a long time 
the memory span was treated primarily as a test of mental ability The 
dependence of the span on such variables as sensory modality and type of 
unit has been studied extensively (eg, Brener, 1940, Crannell & Parrish, 
1957, Gates, 1916, Lumley & Calhoun, 1934) The conception of the 
memory span as a basic mental ability — it is, of course, a standard item in 
intelligence tests — was reflected in studies of age trends (e g Beebe, 1 944 , 
Calhoun, 1935a, 1935b, Metraux, 194 4), improvement by long term prac- 
tice (Gates & Taylor, 1925, Martin & Femberger, 1929), and consistency 
of individual differences (Brener, 1940) 

Jn recent years the emphasis has shifted to an analysis of the processes 
which determine the hmits of the memory span, ic , to inquiries into the 
mechanisms which arc responsible for the breakdown in the 5 s ability to 
retain and reproduce serially ordered material Such re examinations of the 
memory span were stimulated and aided by the development of the analytic 
methods of information theory The span came to be regarded as a standard 
measure of the organism’s capacity to process and transmit information 
At the same time there has been increasing recognition that the memor) 
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used in the evaluation of performance A discontinuity of processes does 
not necessarily correspond to tins distinction 

The junctional unit of the memory span —The accuracy of report after 
a single exposure depends both on the discriminations which the S makes 
among the units comprising the senes and on the rate of forgetting for the 
successive units The precise definition of the unit of recall is clearly 
prerequisite to the measurement of the span The units are usua y S P^ e 
in terms of such conventional categories as digits, ktters, words, ec 
is likely, however, to bring to the experimental situation habits of g P e* 
and responding differential!) to, sequences of such units Thus t 
distinction which Underwood (1963) recently made m an analysis of 
stimulus in serial learning, it becomes necessary to distinguish between th 
nominal unit and the functional unit in the determin understanding 
span A major contribution of communication t eory ^ penmt a 

of the memory process is the development of ana y i ^ functional 

s)stcmattc approach to the identification an ”^™ t P was no t the goodness of 
unit in immediate memory Interestingly en e > behave like 

fit of the theoretical model but rather the organ, sms of infor 

a communication channel with a fixed ca P a “ DSV cholo<ncaI significance 
matron which constituted the finding o gr P * f ° non (hat can be 
If the memory span is limited by '*> “™ed to the amount 
transmitted, the length of the span shou ’ show n, , hls 1S no t the 

of information per item As Miller (1 ' number of items and essen- 

case the length of the span is Umdc y ltem F or example, in 
tially independent of the amount of yas on iy a slight decline in 

the experiment of Hayes (cited by « of ^formation per item 

the length of the memory span when t0 10 bits (for a vocabu- 

was varied from less than 2 bits (for lD3 ^ spa n are a special case o 

lary of 1000 words) The results for the ^ n J, e | engt hs of u st s and 
a general relationship which holds ®Y er ntaoe of information presente 

which has been stated as follows e P £ er 0 f possible alterna i ^ 
that is assimilated is independent o lhe j en gth of the message 

per message unit and is simply a un 

(Pollack, 1953, p 430) *hp number rather than type o i 

The fact that the span is limited by , unit m immediate mem ry 
led Miller to the suggestion that the " onstant number of chunks * a _ 
a chunk” of information There is a rd]eSS of the amount o£ ° Q|1 
be reproduced after a single exposu increase the amount o i m _ 

lion per chunk It follows that °“ unks mt o larger ones wd^a f j£ uonal 
m the span by grouping small incre asmg the slze 0 , rcco dmg is 

formational content The process ^ ““"^/effectiveness of recotl 5 
unit in the span is designated as re o 
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illustrated by the dramatic gam in the memory span for binary digits which 
is achieved when new names are attached to all possible seqtiences o 
given length, ic , when a translation is made from a base-two arithmetic 
to one with a higher base (Smith, cited by Miller, 1956) 

In the example just given, recoding consisted of the attachment of dif- 
ferential responses or labels to sequences of discrete units The recall ot tne 
labels mediated the reconstruction of the sequences to which they were 
attached Thus the memory span may serve as a test of transfer the size 
of the “chunks” reflects the distinctive differential responses to groups of 
discrete units established prior to the test In order to be effective in produc- 
ing an increase in the memory span the associations between stimulus 
sequences and differential responses or labels must be symmetrical the 
successive groups of discrete units must reliably evoke the appropriate 
labels, and recall of the labels must in turn mediate errorless reproduction 
of the sequences 

Running memory span — Verbal messages do not normally reach us m 
discrete senes falling within the span of immediate memory but instead are 
likely to arnve in sequences far in excess of the span After exposure to 
such a sequence some limited scries of items can be reproduced consecu- 
tively but the entire sequence cannot, 1 c , parts of the sequence will fall 
within the span As the sequence continues, the particular series which 
can be reproduced correctly will change, 1 e , some old items will drop out 
and some new ones will be added These considerations lead to an im- 
portant extension of the concept of memory span and of the operations by 
which it can be measured In this broadened definition (Waugh, 1960) 
the memory span refers to the length of a subscncs within a long series 
which can be recalled correctly after a single presentation This subseries 
is measured from a reference point within the longer sequence If the 
beginning ot the sequence serves as the point ot reference, the initial span 
is measured, if ordered recall is scored with the end of the senes as the 
point of reference, the terminal span is measured Waugh (1960) has sug- 
gested (hat each item in a sequence has two independent probabilities of 
ordeted recall, and that these probabilities arc determined by the distance 
ot the item from the beginning and the end of the sequence, respectively 
The two probabilities combine to the extent that the initial and terminal 
spans overlap The shorter the sequence, Ihc greater is the amount of 
overlap brnccn the initial and the terminal spans and the more lively it 


■ , — — 1,31 antl tnc terminal spans and the more likely it 

this “* f ntirC sc< l ucncc can ** reproduced without error When 

the cnnv^» CaSC i lhC mcasurcd ,niUal anJ terminal spans coincide Thus, 

ho . mcm0r> Span rc P rcscnU thc s I* cia l case of maximal over- 

lap bet *ccn the two span functions 

The terminal span becomes critical when 


a continuous sequence is in- 
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terrupted and the S is rcqmred to recall as many of the -nostrcccnt, terns 
as he can. Two such s.tuattons may be disungutshed (a) S d °“ 
know the length of the sequence and hence cannot an i cip P ^ 

memory span of tenmnal span has been 

A systematic comparison of the tw W „, 9) n stimu i us senes 
presented by Pollack, Johnson, and Knaff (1» J f the 

consisted of randomly selected f ^senta.L wem vaned The 
sequence preceding the test and the ra P joiotvn-length span, 

running memory span was consistently ower advantage 

and thfs difference increased with the h “f die senes^^ of 

of the known-length span was n ,amlal “ he rate o£ presentation, 

practice While both spans varied mvcr ^ P on , he jj, own -length span 
the clfeet of rate was much more pronou d aUnbute the supen- 

than on tlie running span Pollack, John > strategies” which are 

onty of the known-length span to * en "h Series is known 
open to the S under this condition Whe * of ltems wh ,ch he will 

to the S, he can reach a decision about th ^ ^ o£ tIle sequence 
attempt to reproduce and essentially lg h of ^ ser ies since 

The gain from such a strategy mcrease w di tha 1 g^ J( B rea son- 
considerable interference from earher items can >( a slow than 

able that such a strategy can be earned out more 

at a fast rate of presentation terminal memory span is the Iengt 

The major variable determining the ter ^ ^ B manipulated the 
of the sequence preceding recall Wh cUve inhibition as a f “ ncU0 " 

operations parallel those used to “ hip between spans oh amed 

of the amount of prior learning ca jj senes (Waugh, 1 ) 

without a pre recall series and with p taI measures in conv 

analogous to that between control and“P« , spa „ provides a 

.tonal studies of proactive • mKrf ercnces How 

method for assessing rapidly the conventional «penntt« 

ever, an important difference remains between^ ^ ^ the interta 

on proactive inhibition and the spar > P , ly d iffe r e nUated as both 
ing items and the items to *"£*££J* degree, in 
lists each of which is learnc P ^ amount to be ^ 

are part of a continuous se< ^ to which 

ambiguous Hence, the "al^teg.^ ^ aroo un. of proac. 
become so critical, they h p . _, s 
mterference falling on the terminal items 
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Results obtained in comparisons of mterscrial interference under condi- 
tions of intentional and incidental learmng are relevant to the interpreta- 
tion of the proactive influences on the terminal span Material earned 
incidentally is a less effective source of interference than material learned 
intentionally (Postman & Adams, 1956a) This result can, of course, be 
attributed to the difference in the degree of learning under the two condi 
tions The behavioral strategy of the S in the terminal span experiment, 
who decides to 4 ignore * the early part of a sequence, creates conditions 
similar to those which obtain in incidental learning The individual is ex- 
posed to the items but differential responses and rehearsal arc minimized 
The broadened definition of the memory span as a subseries within a 
sequence, with the conventional span as a special case, emphasizes the 
continuity between these measures and other measures of retention When 
the contextual determination of the span is fully explored, including condi- 
tions of proactive facilitation as well as interference, the limits of the span 
are likely to vary over a wide range The finding that both the known- 
length span and the running span show substantial improvement with prac- 
tice (Pollack, Johnson, & Knaff, 1959) also supports the conclusion that 
the capacity for immediate ordered recall is far from invanant 

Differential Short-Term Forgetting 

Just as the memory span has been viewed as a measure of the capacity 
for immediate retention, so the rate of forgetting for materials falling 
within the span has been used extensively in tests of hypotheses about the 
basic mechanism of forgetting These hjpothcscs have centered around the 
concept of a memory trace It is assumed that the perception of each item 
leaves a distinct neural aftereffect or trace This trace is said to fade or 
decay gradually unless it is restored by repetition of the stimulus or by 
rehearsal At any given moment in time, the probability of correct recall 
depends on ihc degree to »hich the decay of the (race has progressed 
Since the trace is assumed lo be short lived, the temporal course of its decay 
must be invesugated over very brief retention intervals after a single ex- 
posure of the learning material Once the trace has been strengthened 
through repetition or rehearsal additional neural mechanisms may come 
into play to determine subsequent retention for example, Hcbb (1949) 
has proposed a dual trace mechanism— a transient reverberatory trace (an 
activity trace) and a more permanent trace involving structural erowth 
(a structural trace) Tims the assumption of an unstable trace represent 
"S h , C dlU - TC ” tCls of it,mulaUon usually entails a distinction between 
short term ard lone term memorv (cf Broadbtnt 1958) 

'l " “I’'’*'™ M""S the span of tmmedute 

0 ate Ijpiaallj used in cspcnmcntul tests of the trace hjpotbests 
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First, it seemed plausible that the effects of a single exposure to , a senes iof 
discrete units such as digits would be limited to a tram >o-y ’ "*9 » 
(Hebb 1949 p 62) It is important to note, however, 
study Hebb was led to the conclusion that “a single re P e “°“ 0 (ig61 

digits . . produces a structural trace which can be cumulative ^ 
p 43) In Hcbb's experiment, repetitions of the sam ThB je j, o£ lhe 
interspersed in a sequence of tests of the 5s 'S' P number 0 [ rc p e u- 
rccurrcnt senes improved steadily as a u " c “ ]n (he llght o£ Hebb’s 
tions, both with and without correction o effects of a single 

findings it would no longer be reasonable to equate the effects 
repetition of a scries with a pure activity trace Is m tes t s of the 

'other reasons favoring the use of me moryj an materials., ^ ^ 
trace hypotliesis arc methodological F P P ^ that there is an 

immediately after a single presentation s ou 0 f reca ll during 

opportunity to observe gradual changes in p the ]eJJgth 

a short retention interval This condition s of co^e,m ^ 

of the learning scries does not exce m stu d,es of short term 

actual practice the span is not norma y whjch are ^own to be withm 
retenuon but senes of fixed length arc memory span materials 

the span or at most to exceed it s g y ]loI110 aeneou 5 units When a 
have the advantage of being compos elapsed since the presenta- 

senes is recalled, different amounts of time ha [hc period of 

lion of each of the items constituting the “ m m , he serie s The same 
trace decay is a function of the post m Compansons of the rates o 

holds true for the position of an item m wlthm a series are greatly 

forgetung for individual items or S'°"P s “ ‘ d , fficuU y We turn now to the 

facLated when the units are of homoge > g Kst the hypothesis 

experimental procedures which liave a j ][CC t function of the i 

derived from trace theory that forge 6 

interval between presentation and recaU tal lso Iat.on of time “ 

Rate ol presentation and ' ^Sties It n. necessary to vary 

an independent variable offers maj h ldin g interpolated a 

the length of the retention .interval ' to meet these 

constant and minimizing re! J e ^ . the^ates of presentation a 
requirements is the manipulation of .he r interval between , me 

The slower these rates the longer is ^.he aver 8^^ „ decay theory, 
presentation and reproduction o ^. dl t£ie ra tes of P rese . m a 
amount retamed should var y * re J deca y theory has ^ecn 
recall The relationship P K u dtcte fJJJ D [ senes of digits p raser , 

senes of experiments on the re Conrad & Hite, ’ rxa |lcd 

recalled at different rates (Conrad, 1957 u0 „ of senes 

1958) The faster the rate, the higher 
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correctly Since speed of learning in conventional anticipation experiments 
vanes inversely with the rate ol presentation, the results were interpreted 
as strong support for the decay hypothesis It should be noted, however, 
that in other studies using different experimental procedures the expected 
inverse relationship between rate of presentation and memory for digits 
has been found (Moray, 1960, Pollack, Johnson, & Knaff, 1959), or the 
span was found to be independent of the rate of presentation (Peatman & 
Locke, 1934) These results are not nccessanly contradictory since the 
rates of recall were not controlled m the latter studies The findings of 
Conrad and HiUe (1958) show that significant variations in the amount of 
recall are obtained only when the differences m rate apply to both presenta- 
tion and reproduction 

There is also some evidence that the effects of rate may vary with the 
type of material In an early investigation by Bergstrom (1907) recall of 
verbal items was an inverse function of the rate of presentation but the 
relationship was much more pronounced for words than for letters Pre- 
sumably rcducuons in the rate of presentation provided an opportunity for 
the formaUon of mtentem associations which were more effective for words 


than lor letters Oa the other hand, Fraisse (1937, 1945) found a direct 
relationship between rate of presentation and accuracy of reproduction for 
sound patterns but no effect for series of consonants According to Fraisse, 
a rapid rate of presentauon favors the perccpuon of patterns which is 
critical for the reproduction of senes composed of identical elements such 
as sounds, perceptual grouping loses its importance when each member of 
the senes is a disuncuve unit (c g , a consonant or digit) It is reasonable 
to conclude that the available evidence on the relationship between rate of 
presentation and recall is too fragmentary and inconsistent to have a decisive 
bearing on the evaluation of the decay hypothesis 
The procedure of varying the retention intervals for otherwise comparable 
senes of items by manipulation of the rates of presentation and recall is 
not free of methodological difficulties It is true that the cntical time 


intervals arc vaned with the amount of interpolated learning held constant 
The opportuniUcs for rehearsal, however, clearly remain uncontrolled 
Conrad and Hillc (1958) suggest that to the extent that rehearsal occurs, 
it should work against rather than w favor of their hypo thesis This point 
is valid only if one assumes that under the conditions of their experiment 

(а) rehearsal did not interfere with the perception of successive units, and 

(б) predominantly correct responses were rehearsed It is known, however, 
that the opportunity for rehearsal docs not necessarily improve retention 

** corrcct rcs P onscs “ay be practiced (Postman L 
, ,949) ^ ;s 15 quite lilccly to be .rue for successive 

scnci ol tfijits since errors of transposition and substitution frequently occur 
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,n the reproduction of such materials Thus, 

intervals was not the only variable in these erpenments, and 

cannot be considered conclusive „r recoil nrovides another 

Order o, recoil -Manipulation wdnn a senes 

method of varying the retention mtenalto mdiviuna ^ ^ ^ ^ ^ 
The assumption is that in the reproduc d of delay between 

recaUed first are also recalled best t *cau- he peno ij 
presentation and test is shortest for ltem m the series and by 

of delay is determined both by the posi i ge can> however, be 

its position m recall The effect o rec reca y lS successive This 

evaluated when stimulation is sunu tane Rroadbent in which pairs of 
is the case in the split-span technique us one amvwg at the left 

digits are presented simultaneously o . ^ of bot h sets of digits is 

ear and the other at the right ear p d , glts presented to one ear 

possible but Ss characteristically re P ^ ^ose reported first are 

before any of those presented to e arrival becomes possible on y 

recaUed best Reproduction ml the ord 195 4) 
if the rate of presentauon is relatively s,^ (1957 b, 1958) has 

In the theoretical anal>sis of these functl0n m the reception and 

distinguished between two mec ^ the orgamS m the S system w 

reproduction of information p h mformahon can pass 

represents a stage of neural activity at wnic which can pass 

S and a later stage ^f^^^/b/regarded as a mecha 
information only successive y die p system refers to ongoi S P 
msm of short term storage wte e * * ^ ' fflore one channel 

tual activity When to .he next : «s hunted Ba- 
the orgamsm’s ability to s tirne of their am chifts m 

wluch cannot be of aite nUon b£C0, ”“ ^(B oadbent, 1954), 

Wedderburn, 1960) , , hc groupings eviden event, the 

curred at the tune of sttmu* ,hc order of rec^ J ^ uscd 

not correspond' to the order °^^ a ‘ tore in which ‘ unattended" items 

10 Ecnera1 ’ the ,tefflS recaM first 

There are three 
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arc recalled best, as long as the S is free to reproduce the items m any 
order he wishes (b) When the possibilities of perceptual confusion are 
minimized, as for example by simultaneous presentation to eye and ear, 
retenuon after simultaneous stimulation is at least as good as after suc- 
cessive stimulation through a single sensory channel (Broadbent, 195 ) 
When successive responses are made to simultaneous stimuli, the rate of 
forgetting is no faster than after successive presentation (c) Short term 
storage is possible, however, for only a strictly limited period of time If 
the response to the second channel is delayed by a second or so, retention 
is appreciably reduced (Broadbent, 1957a) This is interpreted to mean 
that the stimulus trace fades rapidly unless it is restored by rehearsal, or 
as Broadbent (1958) prefers to put it, unless there is circulation from the 
5 system through the P system and back again When the P system is * kept 
occupied responding to another channel, extremely rapid forgetting is in 
fact observed 


When two short senes are presented successively, the order of recall can 
be manipulated by instrucuons Again, items recalled first are usually re- 
called best However, the relationship between the order of presentation 
and the order of recall as well as the expectations about die required 
order of rcproducuon now become significant variables When the order 
of presentation and the order of recall are reversed, the senes recalled first 
no longer has an advantage, i e , the effects of the order of presentauon and 
the order of recall appear to cancel each other (Kay & Poulton, 1951) 
Instructions about order of recall given prior to presentation produce a 
higher level of performance and a different distribution of errors than in- 


structions after presentation (J Brown, 1954, Kay & Poulton, 1951) It is 
clear that the effects of the order of recall are modified by mtentem inter- 
ferences and by the set during exposure and at the time of the test 
When accuracy of reproduction does vary with order of recall, it is 
hazardous to conclude that this relauonship reflects differences in the time 
of decay for the traces of individual items It is true that the later an item 
is recalled, the longer is the time interval which has elapsed since origmal 
exposure However, it is equally true that the later an item is recalled, the 
greater the amount of recall activity which has been interpolated between 
its original presentation and its reproduction There is evidence that mter- 
SliiT/i. ° f 3 SCt ° f Ucms mtcrfcrcs v-ith the retenuon of material 
* U 1 rc ^ ams lo bc ^produced (J Brown, 1954) and also with the 
f ncw (Poulton, 1953) Such interferences cannot 

m^l,nlT? S r hC u fr0 , m thc vanaUons the length of the retenuon 
interval correlated unh order of recall 

Similar diTtcultics arise in thc interpretation of results obtained by thc 
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method of postsumulus cuing men this method is used a sera i of items 
is exposed but the 5 is required to reproduce only a designated part o 
material Dtlferent.al cues such as lights or sounds are used to indicate to 
part of the material to be included on a given test For example , m i to ex 
pcrimcnt of Anderson (1960), lists of 12 digits were presented » g oups 
4, and on different trials 5s Mere required to reproduce cite 4 8 oi 2 
items For each segment of the senes, the per^ntage^Uy reprodu^J 
was inversely related to the length of the rcc as 
of lengthening the task may be a function of interpolated recall 
the increase in the average length of the retention in accuracy of 

One consequence of the relat.onsh.p £ amount 

recall is that the total recall score systematica y retentl0n Since ac- 

of information available at the beginning , o available will be 

curacy dechnes as recall proceeds, not oarnal reports obtained 

correctly reproduced It is possible, however, of in f orm ation 

by means of poststimulus cuing to cstrnia Th]S meth od of analysis 

available for recall after a given rete n no ]elters were exposed in 

was used m a study by Sperling (19 > P o( four Ietl ers each The 

various spatial arrangements, such .as t ^ o „ mei wlt h poststimulus 

(Ts reports were limited to a part of ■ Jj were considered as 

cutng by tones of varying pitch to recall To 

random samples of the information aval Iable, the number of items 
estimate the total amount of informs i num ber of equally prob 

correct in the partial report was . P ' d £ ™^ e d For zero delay be 
able, nonoverlapping reports which dded estimates of available 

tween exposure and report, these ca cu conve ntional measures of t e 

information far in excess of those yie J d t0 decay rapidly, how 
memory span The available information PP^_ ^ oE thc conventional 
ever, and 1 sec after exposure *oppe (han au( jitory poststimulus 

span In a similar study, in which «su * h conduded that the duration 
cues were used, Averbach and or ‘ ediate memory store may be as s 
for which material remains in the ‘ mm , , ments for nonselective rea 
as 0 25 sec This estimate includes dunng (he ret cntion interval), 

out ' (something like uncontrolled „ f the poststimulus cue 

as well as for the time occupied by ' cal|ed for b y that cue 
the • selective read out ’ of the P“"“ n wh at is available in u» 

The distinction made in these antdys* a glv en test 
mediate memory and what is ™p«d«^ J cannot be equated -ft 
fact that retention ,s a to«»£££«« applies, of course, «o j-J. 
any one measure such as recall shorter thc time in 

term as well as to short term retention 
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ever, the more likely it becomes that the effects to be measured change 
significantly during the period of measurement and hence are influenced oy 
the duration of the test 


Retroactive and Proactive Inhibition in Short-Term Retention 

Experimental design —Ever smee Muller and Pilzecher (1900) proposed 
their perseveration hypothesis, it has been clear that the time interval im- 
mediately after exposure to a set of materials is of critical importance for 
the assessment of the temporal development of the hypothetical memory 
trace According to the perseveration hypothesis, this is the interval during 
which the trace is consolidated From the point of view of decay theory 
the rate of forgetting during this interval should reflect the progressive 
fading of the trace 

Critical tests of such hypotheses have been senously complicated by the 
difficulties of controlling and evaluating the effects of the activities interven- 
ing between presentation and recall There are two difficulties First, re- 
hearsal may reduce or prevent forgetting As was pointed out above, how- 
ever, the opportunity for rehearsal does not necessarily improve retention 
In any event, in tests of the decay hypothesis it is essential to prevent 
rehearsal during the retention interval Second, when an activity other than 
the rehearsal of correct responses fills the interval, conditions of interference 
may be created which mask the normal development of the trace Accord- 
ing to decay theory such interferences should, however, be independent of 
the degree of similarity between the original task and the interpolated 
activity This assumption docs not necessarily hold for all types of trace 
theory since one may choose to posit an interaction among traces (Koffka, 
1935, Kohler & von Restorff, 1935) 


In order to achieve control over the conditions of intcrpolauon without 
sacrificing the advantages inherent in the use of a single exposure, Robinson 
(1927) developed a modification of the conventional memory-span method 
A senes of consonants which was somewhat in excess of the average 
memory span was presented For purposes of analysis the first and second 
half of ihc senes were treated as original and interpolated learning, respec- 
tively, and the similarity relationships between these subhsts were systc- 
maucally manipulated Defining similarity in terms of the number of 
identical elements. Robinson found that recall for the first half of the span 
vane ‘ rcct y Wl1 * 1 lhc num bcr of identical elements in the two halves 
TJf “ $3*? “ 'l " *“ h s,m,hnt y expected on the bests of die 
Sla K s Robinson hjpolhests was not obtained not did it occur reliably in 

IcZd un r," m "^‘ Ch ra " EC ° f s 'ntilamy was extended by nrtro- 

t ,h i scMnd ha,[ ° [ ,h = ««»*»• 

ects of similarity per sc remained uncertain. 
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however, because (a) the use of idenucal elements in the two halves of the 
span provides an opportunity for rehearsal of the critical items, and (4) 
venations m the proporuon of consonants and digits leave uncontrolled 
the difficulty of the “interpolated ' senes and of the total span (cf Young 

SU Th’e 1 ren 1 ewal of interest in decay theory has led to the developmentof 
experimental procedures which follow Robinson s i method of a smgte con- 
tinuous exposure of the or.gmal and interpolated senes bu wta* _have 
been modified so as to permit tests of spccfic hypotheses aboutth=prop« 
bes of the memory trace When the decay of die trace is under ^ 

ss r^-stsrjis 

interpolated materials obviously cannot e P r ™ (1958) u scrve as a 
Conditions oj tnlerfmnce - A s»dy by Brown ( 1 of lhls 

reference expenment exemphfymg JP concerning the rela- 

expenment was to test a d = d “ u ° Q * senes 7nd rate of forgetting 

tranship between the length o = ^ i ong er is the average time 

The larger the number of items in ^ en d ^ series Since 

of delay between the presentation ofan it d “ , h , s peno d of delay, the 
the trace is assumed to decay prog J eJ p 0s ure should vary mversely 

strength of the average item at the end Pj^, retalne d after a con 
with the length of the “"“J t a ^ 0 ° Taiy mversely with the length of the 
slant retenbon mterval should also vary ,/ ejpcn ment the first part 

senes, provided rehearsal is prevente reca llcd by the S, consisted of 
of the stimulus series, which was was betW een one and 

pairs of consonants The length retention interval was 

four pairs For an whereas a control group 

filled with the recitation of five P presumably free to rehearse 
had no interpolated activity and was pr« ^ ^ varlcd directl y with the 
As expected, the amount o „ rime nf S using the same hind of cxperi 
length of the senes In further exp ^ a 5 sec retenbon interval the 
mental arrangement Brown feu idtht ^ ^ ^ mtcrpo b,ed sumuli 
JlTot"^—. of retroacbve inh.bmon, nor was proac 
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inhibition a function of mtersenal similarity In an earlier study Prllsbury 
and Svliestcr (1940) had also reported substantial amounts of retroactive 
and proactive inhibition with a 10-sec retention interval and dissimilar 
tasks While the results for retro acme inhibition are consistent with the 
theory, the occurrence of proactive inhibition cannot be predicted on e 
basis of a decay hypothesis Hence, Brown attributes proactive effects 
entirely to confusion among responses at recall Retroactive inhibition, 
which was considerably greater than proactive inhibition, presumably re- 
flects both the decay of the trace and reproductive inhibition at recall 
This is essentially a two-factor theory (Melton & Irwin, 1940, Melton & 
von Lachum, 1941), with a decay factor substituted for unlearning It is 
interesting to note that it receives apparent support from the greater magni- 
tude of retroactive than proactive effects just as does the classical two-factor 
theory 

It is a fact that an interpolated activity filling a very brief retention in- 
terval (of the order of 5 to 10 sec ) produces substantial amounts of retro- 
active inhibition According to decay theory the interpolated activity reduces 
rctcnUon because it prevents restoration of the fading trace by rehearsal 
If this analysis is correct, it follows further that the detrimental effects 
should vary directly with the length of the interpolated activity, i e , with 
the extent of rcducuon in rehearsal tune This implication was tested in a 
recent study by Conrad (1960a) whose experimental procedure represents 
an ingenious modification of the rctroacuon paradigm for the purpose of 
evaluating the influence of minimal amounts of interpolation The materials 
to be reproduced were senes of digits In the experimental conditions the 5s 
were instructed to precede their rcproducUons with a smgle additional digit, 
viz , “zero ” This single interpolated response which occupied only a frac- 
tion of a second produced an amount of retroactive inhibition comparable 
to that obtained with an interpolated task filling the entire retention interval 
in Brown’s experiment Even more important is the finding that the inter- 
polated response results in equal amounts of interference whether it occurs 
at the beginning or the end of a rctcnUon interval during which rehearsal 
u possible In fact, the retroactive effect occurs when 5s arc instructed to 
rehearse the learning scries pnor to giving the interpolated response Con- 
thc a ^umpuons of decay theory it is not the length of the interval 
ut t c fact of interpolation per sc which is responsible for the retention 
decrement in this situation 


Analysis of errors —A decay theory predicts that responses become in- 
creasingly less available as a function of lime and docs not specify the 
conditions under which overt intrahst and intcrlist intrusions will occur 
1 ,on P” nc, pl« s arc required to account for the occurrence of such 
ts an question ames of whether such principles can be developed 
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wuhm (he framework of decay theory or lead to a multiple process concep- 
tion of forgetting ^ 

A first problem is posed by misplaced responses, 1 e , correct items re- 
produced in an incorrect scnal position Such errors are quite common in 
tests of immediate memory, in reproductions of eight digit senes, for ex- 
ample, transposition errors account for about 50% of all overt errors 
(Conrad, 1959) The fact that the correct item itself remains available 
implies that its trace had not faded altogether, yet the serial position has 
been forgotten Consequently, a distinction is introduced between “order 
elements” and * item elements” in the stimulus trace (Conrad, 1959), with 
the former assumed to base Jess temporal stability than the latter In a 
similar vein Broun (2958) has suggested that there is usually a higher 
degree of redundancy in the characteristics of individual items than m the 
specification of the serial order After partial decay of the memory trace 
correct reproduction of individual items is, therefore, still possible whereas 
the serial order is lost Brown extends this analysis to account for the fact 
(hat the memory span appears (o be limited by the sheer number of items 
and to be independent of the amount of information per item (Miller, 
1956) Since the span is defined by the length of the sequence which can 
be reproduced correctly, it may be the informational content of the order 
rather than of the individual items which is primarily responsible for the 
invariant length of the memory span 

A second systematic issue arises in the interpretation of interhst man- 
sions when, as is customary, several tests of immediate memory are given 
in succession It is a fact that under these conditions there are frequent 
serial order intrusions, i e , intrusions of items from corresponding serial 
positions m other lists (Conrad, 1959, 1960b ) The amount of forgetting 
attributable to the decay of memory traces becomes ambiguous if at least 
some of the retention loss is produced by the intrusion of competing re 
sponses from other lists An alternative interpretation of the facts is, how- 
ever, possible As Conrad points out, it is not necessarily the case that 
inferlist intrusions lead to forgetting It is possible that forgetting of the 
correct response m a given serial position is a condition for the occurrence 
of serial order intrusions Having forgotten the correct response, the S 
“selects” the intruding item, which had been recalled and rehearsed, be- 
cause it is appropriate for a given serial position 

To decide between these alternatives, Conrad (1960b) varied the time 
interval between successive series A range of intervals between 15 and 
40 sec was used The critical question was whether changes jn the fre- 
quency of intrusions as a function of time interval would be reflected in 
proportionate changes in the amount of forgetting Conrad found that the 
number of intrusions declined steadily as a function of the interhst interval 
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whereas the amount recalled remained invariant He concluded that the 
occurrence of interlist intrusions was a consequence rather than a condi- 
tion of forgetting The lack of correlation between amount of recall and 
frequency of interlist intrusions is, of course, a well established fact in 
studies of intersenal interference (e g , Melton & Irwin, 1940, Underwoo , 
1945, 1949) In these studies the independent variables have been the 
degree of learning for successive lists and the length of the retention interval 
Regardless of whether Conrad s interpretation is accepted, his results are 
of interest in showing that the lack of correlation between amount of 
forgetting and frequency of intrusions also obtains when the time interval 
between successive lists is varied 

The experimental designs discussed m this section do not appear to have 
produced conclusive evidence for the decay theory of short term memory 
The methodological difficulties mentioned earlier continue to await solu 
tion No satisfactory procedure has been developed to separate the effects 
of time interval per se from those of uncontrolled rehearsal on the one 
hand and interfering mterpolated tasks on the other As long as such 
procedures cannot be devised, the short term forgetting functions cannot be 
coordinated with the decay of the hypothetical memory trace In addition, 
the fact of short term proactive inhibition poses a serious explanatory prob- 
lem to trace theory 

The experimental results leave little doubt about the occurrence of retro- 
active and proactive effects in the recall of short senes of discrete units 
after very brief retention intervals Direct comparisons with the mam body 
of findings on intersenal interference are often difficult, especially because 
of the absence of adequate measures of the degrees of leammg There is 
nothing in the results, however, to compel the conclusion that basically 
different principles govern short term and long term interference 


Short Term Retention During a Continuous Task 

In all the experimental procedures discussed thus far, the presentation 
of the materials and the test of recall arc clearly separated in time While 
this arrangement is optimal for purposes of expcnmental control, it is clear 
that it is not representative of many practical situations m which short term 
memory must function When the organism is required to respond to a 
continuously changing environmental situation, exposure to new items and 
rcc o old ones arc likely to occur m various patterns of alternation 
m some cases newly received information may have to be recalled and used 
inlr y aJtCf P[ cscmaUon m ol hcr cases reception and recall of other 
tnhihit 7^ C T ^ us fluctual mg amounts of retroactive and proacUvc 
t^rmannlvT ll \ ° f success, vc items Such suualrons proudc 
information about vvha, has been called the storage capacry- of short 
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term memory, i c , the average amount that can be retained while old items 
are being discarded and new ones are being added The distinctive feature 
of the experiments to be discussed in this section is that the limits of short 
term retention are tested by varying the storage loads imposed on the S 7 s 
memory during a continuous task Such a task may simply involve recall or 
recognition of items presented previously or performance of a series of 
responses guided by the retention of preceding signals We shall refer to 
these two types of situation as continuous memory tasks and continuous 
instrumental tasks 

Continuous memory tasks — The first reference experiment to he con 
sidered is that of Lloyd, Reid, and Feallock (1960) The learning materials 
were words, and recall was tested by presenting as a cue the name of the 
class to which the word belong (eg, tree" served as a cue for the recall of 
“pme”) Presentation and recall of items occurred m various serial orders 
during an experimental sequence, i e , presentation and recall were sepa- 
rated by varying numbers of other presentations and recalls The major 
experimental variable was the "average storage load,” which was defined 
by the average number of items which the S had to remember in order to 
be prepared for the tests as he progressed through the sequence A direct 
relationship between the average storage load and the number of errors 
was found The same relationship holds when unrelated words are used as 
stimuli and letters paired with the words are the cues to recall (Lloyd, 

1 961 ) The presence of significant practice effects as a function of experi- 
mental days suggests that Ss * learn how to remember ' in this type of 
complex situation Other factors such as number of item classes or number 
of different items per class had little or no influence on performance, and 
the investigators concluded that the average load was the major variable 
determining recall 

In a subsequent study (Reid, Lloyd, Brackett, & Hawkins, 1961) a 
second major variable determining accuracy of recall during the continuous 
task was identified, viz , the average load reduction Amount of load reduc 
Uon refers to the number of items which the S is required to recall at each 
test point With average storage load (number of items to be remembered) 
held constant, errors decreased as a function of the average amount of load 
reduction per recall point The improvement m performance may be the 
result of (a) the reduction in the number of tests which serves to decrease 
the amount of interpolated activity between presentations and recalls, and 
(b) the opportunity for associative clustering to aid recall when several 
items from the same class are called for An experimental decision between 
these alternatives can be sought As the authors point out, the method 
permits the systematic manipulation of selected experimental variables with 
the contextual conditions held constant 
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A related procedure for measuring performance in continuously chang- 
ing memory tasks has been developed by Yntema and Mueser (1960, 
1962) A senes of messages is presented to the S, each of which indicates 
that one of a number of variables (attributes of objects) is in a particular 
state and will remain m that state until a change is announced in a subse- 
quent message The messages are interrupted at random intervals, and the 
S is required to answer a quesuon about the current state of one of the 
variables * States” refer to members of classes such as shapes or directions, 
or members of aggregates such as consonants Again storage load is a 
significant determinant of the accuracy of recall, i e , the proportion of the 
questions answered correctly decreases as a function of the number of 
variables to be remembered Performance also depends on the suscepti- 
bility of successive messages to associative interference Thus, the error rate 
is higher when the messages all refer to the same attribute of different 
objects (c g , all specify the shape of one of a senes of objects) than when 
they refer to different attributes of the same object As the authors point 
out, the former arrangement conforms to the A-B, A-Br paradigm in studies 
of mtcrscrial transfer in which identical stimuli and responses are re paired 
m successive lists This paradigm is known to maximize negative transfer 
as compared with experimental arrangements in which cither stimuli or 
responses arc different m successive tasks (Postman, 1962c, Twedt & 
Underwood, 1959) It appears that principles of interserial transfer can 
be used to predict performance in continuous memory tasks This con- 
tinuity of principles is also apparent in other characteristics of performance 
the probability of a correct response declined with the number of items 
intervening between the message and the test of recall, and many of the 
overt errors were analogous to inUrltst intrusions, i e , 5s tended to substi- 
tute a previously correct state for the one announced in the most recent 
message 


A technique for measuring recognition in a conUnuous task was recently 
reported by Shepard and Tcghtsooman (1961) The learning materials 
were long senes of three digit numbers, with each number occurring twice 
C scr,cs c task was to identify each number as either new or old 
■ " “ d , 0ld ” umbcrs followed each other m a random sequence The 
SSSl,” 111 " as lc "S> h oI “ay. ■•= . the amount of 
tions of 3 n *J CW n ‘ atcna ** tween the first and second presenta- 

rcsomse den"*!' ** ,*** '° ** cx P cclcd ' the probability of a correct 
» Lew , in' ? T°" ' h * n “ rabcr 0( ““erven, ng .terns What 

performan-e^cm C 1 °°^ ut ^ dcIa y s aItcr “hich better than chance 
W tvTLo ” P ° 5!lbl<: C ' Cn aI,Cr 60 mtcrxcnm g items the proba- 

1 cm a otd 4 h ‘S>>er ‘han that of classing the new- 

old Shepard and Tcghtsooman calculate that the information 
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earned by the 5 was 32 hits as compared to 23 bits recalled after one 
exposure to a senes of digits Recognition appears to be a considerably 
more sensitise measure than recall of short term as well as long term reten- 
tion This fact deserves emphasis since recall has been used almos 
clusivcly in tests of the decay theory with verbal raatcr ' als ^P^ “ 
Tcghtsoon.au, who favor a trace model of forgetting, point out thatreeo^ 
not may remain possible even after there has been some 
sion” of the trace Trace theorists appear to face a major analyuc p 
m toord,nm,ng va„au“ns in the de£e of decay with differences among 

™ °Co, unmans Instrumental tasks- We turn now 10 “ "the ‘ac- 

degree of short term retention for successive data md ieate 

curacy of performance in a complex serial t ... nre raDld than 

that forgetting under these circumstances utroiKi^^b y^ and 

in a conventional memory situation In p h d 

Mackworlh (1959) complex displays '^SVyfowbch hehad 
determine by visual search the panic, ula par “***“£ ay A ' dv!U)Ce cues to 
to respond at any point during the pa P of moves separa t in g the 
successive objecUves were given, an systematically Advance cues 

cue from the appropriate response wsv span of tune, they were effective 
could be retained for only a very ^ span cut ^ ^ ^ ^ Thc 
only if they preceded the • cu(:s WEre effective vaned inversely 

temporal range o\er which advan ed by grouped presenta- 

with the rate of responding an c ^ ckworth (1959) compared the effec 
tion In a related experiment J (labeled and unlabeled lights) at 

tiveness of verbal and non 'fbdeues (» ^ ^ effective at short 
different periods of delay Nc "^ he dllI erence was m the opposite 
delays whereas at the longer delay trace evolves through two 

direction Mackworth suggests that the m J b a seco ndary trace 
successive stages— a brief peM*l> al o[ ,be verbal component, which 

which has a verbal component The accru A , the shorter de- 
ls required for durable retcnlion, depends ° the need for rehearse 

lays the nonverbal cues are more effect b ...effective because o 

is eliminated, at the longer delays such ™es ^ remforced by a verbal 
the rapid decay of a perceptual trace wn 

component , ~ rra noements to include retention u j™o 

The extension of experimental arran* parallels the develop 
contmuous tasks as well as for span in both cases there w 

ments in dre study of the ““^‘^f’Snnon functions on die verbid 
an attempt to evaluate the dej*®fc““ mcasur ed The difference ui the 
and behavioral contexts m wh ‘^ * ^nnuous memory tasks and 
efficiency of short term retention m 
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tmuous instrumental tasks clearly illustrates the importance of contextual 
variables 


Short-Term Retention of Single Items 

The basic mechanisms of forgetting postulated by general theories of 
memory typically embody a hypothesis about the conditions governing the 
loss of retention for individual items This is clearly true of the type of 
trace theory that we have been considering as well as for other versions of 
trace theory such as the hypothesis of autonomous memory change (Wulf, 
1922, Koflka, 1935) The specific mechanisms used m the elaboration of 
the interference theory of forgetting, such as unlearning and response com- 
petition, also apply in principle to the recall of individual associations 
There are, of course, some important hypotheses about the conditions of 
retention which have reference to the relationship among a series of items, 
e g , those concerned with the spontaneous recovery of mtrahst generahza 
tion (Gibson, 1940) and with the effects of mtentem associations (Deese, 
1959a) It would appear to be possible to divide hypotheses about the 
mechanism of forgetting into those which entail predictions about the reten- 
tion of single units and those which m principle require the consideration 
of multiple units of learning Difficulties of interpretation often arise when 
hypotheses formulated to account for the retention of single units are tested 
in experiments involving the learning and retention of multiple units Thus, 
when a scries of items is used m a study concerned with the temporal de- 
velopment of the stimulus trace, the analysis is complicated by the need to 
take account of mtraserial associations and interferences These difficulties 
arc, of course, avoided when the learning material is restricted to a single 
item Experimental arrangements permitting the use of single items were 
first developed in studies of memory for form and more recently with verbal 
materials 


Memory for form — The hypothesis, first formulated by Wulf (1922), 
that the memory trace of visual forms changes progressively toward greater 
simplicity and symmetry applies to the retention of single perceptual units 
When the learning materials consist of a senes of different forms, retention 
may be influenced by generalization among the items in the series Early 
in the experimental history of this problem Gibson (1929) presented evi- 
dence for “figure assimilation," i e , loss of differentiation among the forms 
m a senes Nevertheless, most subsequent investigators continued to use 
senes of stimulus forms, apparently m the interests of sampling a variety 
of perceptual antecedents of memory change Thus, mtraserial generaliza- 
tion remained an uncontrolled source of venation Failure to take account 
of mtentem interferences can also result in systematic biases during the 
testing procedure UscU as became clear when the method of recognition 
rather than reproduction w as used to measure retention. 
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Ever since the demonstrations of Hanawalt (1937) and Zangwill (1937) 
that recognition provides a more sensitive measure of memory for form 
than does reproduction, there has been increasing reliance on recognition 
tests in experimental investigations of the hypothesis of autonomous change 
The procedure is exemplified by the study of Hebb and Foord (1945) m 
which Ss were exposed to two visual forms and later were required to 
choose the correct figures from among sets of alternatives which varied 
along theoretically relevant dimensions of change, i e , closure of a broken 
circle and sharpening of an angular figure While some of the recognition 
tests showed significant retention losses, there was no evidence for progres 
sive changes in accordance with Gestalt principles These results can no 
longer be considered conclusive, however, since it has been shown that 
m a recognition procedure such as that used by Hebb and Foord the S ' s 
choices are systematically influenced by the order in which the alternatives 
included in the test are presented For example, when the original figure 
is a circle with a gap, the direction of the error in recognition depends on 
the particular place at which the S begins the inspection of the graduated 
senes of incorrect alternatives If the inspection begins with gaps smaller 
than the original, the errors of recognition are in the direction of closure 
if the test figures seen first have gaps larger than the original figure, the 
errors are likely to be in the opposite direction (Carlson & Duncan, 1955) 

It is clear that exposure to multiple test items constitutes a significant source 
of interference 

Interitem interference is effectively eliminated if only a single item is used 
both during learning and m the test of retention In studies of memory for 
form this requirement can be met by an adaptation of the psychophysical 
method of successive comparison w which the standard and comparison 
stimuli are identical, but the S is forced to make a judgment of some speci- 
fied attribute To gauge progressive changes m the memory trace of the 
standard, the time interval between the standard and the comparison 
stimulus is varied This is the procedure frequently used in the measure- 
ment of the time order error, and its applicability to the investigation of the 
memory processes is apparent (Pratt, 1933, 1936) 

The method of successive comparison was first applied to the problem of 
progressive memory change by Irwin and his associates (Irwin & Seidenfeld, 
1937, Irwin & Rovner, 1937) However, some more recent studies (Crum- 
baugh, 1954, Karim & Brennan, 1957) m which the possibilities of control 
afforded by this method were fully exploited will serve as more convenient 
reference experiments In these experiments each S was exposed to only 
one figure which served as both standard and comparison stimulus The 
tune interval between the standard and comparison stimulus was varied 
systematically The use of a single item made it possible to investigate 
changes over very short intervals of tune, the intervals ranged between 0 3 



168 


Leo Postman 


and 12 see in the experiment of Crumbaugh, and between 1 and 8 sec m 
that of Karlin and Brennan Repeated observations were made at each of 
the intervals The results of the experiments will not be reviewed here 
although it is possible to say that neither of them provides clear support for 
the hypothesis of autonomous change [For a comprehensive review of the 
experimental literature on memory for form, see Riley (1962) ] Instead, 
we wish to emphasize the methodological points which are illustrated by 
these studies 

These methodological points arc the following (1) The use of a single 
item eliminates intraserial associations and interferences, permitting the test 
of hypotheses which m principle apply to the retention of single units The 
hypothesis of autonomous change m the memory trace is a case in point 
(2) When recognition is the criterion of retention, the operations for measur 
ing temporal trends in retention arc continuous with those of the psychophysi 
cal method of successive comparison Other psychophysical procedures may 
be similarly adapted for quantifying systematic changes m the retention of 
selected characteristics of a stimulus For example, Lovibond (1958) used 
the method of average error in testing for progressive changes toward sym- 
metry in the long term retention of an asymmetrical figure (He found no 
evidence for such changes ) (3) When a psychophysical procedure such 
as the method of successive comparison is used in the measurement of 
short term retention, the activity filling the interval between the standard 
and the comparison stimulus should be added to the variables which must 
be brought under experimental control In the studies cited above, no such 
control was attempted It is clear that verbal associations to the stimulus 
figure can be rehearsed during the interval between presentations Since 
verbal mediators arc frequently invoked to account for whatever systematic 
error tendencies arc observed (Riley, 1962), control over interpolated 
activities becomes essential It is to be noted that when additional stimuli 


arc interpolated between the standard and the comparison stimulus, the 
operations arc continuous with those for the measurement of retroactive 
inhibiUon (Postman L Page, 1947, Pratt 1936) Thus, the adaptation of 
conventional psychophysical procedures makes it possible to measure retro- 
acuvc inhibition m the recognition of single items 

Recall o] single \crbal items — While it would be possible in principle to 
use c method of successive comparison to measure the temporal course of 
recognition of verbal units such a procedure has not been used Recall 
a ter varying intervals of controlled activity designed to prevent rehearsal 
h “ *!“,’! U ? d Thc cx P cnrn cmal paradigm has, therefore, been 

'T" 1 "7 or measurement or short term retroactive mh.b.tion, 
vMlh maximal dissinularuj between original and interpolated activities 
These studies are discussed m the present section rather han in the pre- 
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ceding one reviewing studies of retroactive inhibition in order to place 
major emphasis on the use of single verbal units This classification is, of 
course, arbitrary and made only for convenience of exposition 
The reference experiments are those of Peterson and his associates The 
basic procedures were developed in the study by Peterson and Peterson 
(1959) Recall of single consonant syllables of low associauon value was 
studied Immediately after presentation of the syllable the S began count 
ing backward and continued to do so until the signal for reproduction of 
the items was given Six different retention intervals ranging between 3 and 
18 sec were used Each S was tested eight limes at each interval Retention 
decreased rapidly as a function of the retention interval, declining to less 
than 10% after 18 see The question arises at once whether the extremely 
rapid rate of forgetting is attributable to the accumulation of massive 
amounts of proactive inhibition during the repeated tests with the same 
Ss Peterson (1963) has been inclined to discount this possibility In 
his experiments successive blocks of six tests each showed some increase 
in recall as a function of practice at the shorter retention intervals but no 
evidence for cumulative proactive inhibition Such an analysis is not conclu- 
sive, however, since degree of learning for successive items increases as a 
result of practice, and these positive effects may be expected to counteract 
the cumulative effects of interference The question has since been clarified 
in an experiment by Keppel and Underwood (1962) which was designed 
explicitly to investigate proactive inhibition in the retention of single items 
The results of this experiment show that proactive inhibition does, indeed, 
develop progressively as a function of the number of prior items learned 
in a situation such as that used by Peterson and Peterson To demonstrate 
this effect unequivocally it is necessary to chart the course of proactive 
inhibition from the beginning of the experimental session and to use degrees 
of learning which permit sufficient variation in the amount of subsequent 
retention In agreement with the trends in long term memory (Postman, 
1962b) the amount of proactive inhibition increases with the length of 
the retention interval (between 3 and 18 sec ), and the number of prior 
items interacts with the length of the interval in determining the amount 
of interference Thus proactive inhibition appears to be governed by the 
same principles in short term and long-term retention - 

There is good reason to believe, then, that the same principles of intcr- 

a The relationship between the number of prior items and the amount of mterfer 
ence may vary with the materials and the method of measuring retention In an 
experiment by Murdock (1961) the learning materials were monosyllabic English 
words and the 5 was required to recall only the last member of a given Jn | 
stead of being tested on each successive item Under these conditions a U shaped 
relationship between the number of prior items and recall was obtained 
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ference apply to the short term retention of single items and to the long- 
term retention of lists The available evidence suggests that other determi- 
nants of retention likewise have parallel effects in the two types of situation 
(1) When rehearsal is permitted, the level of the retention curve is a func- 
tion of the number of repetitions (Peterson & Peterson, 1959) The proba- 
bility of recall varies directly with the degree of overlearning (2) When 
an item is presented twice, recall increases with the spacing interval be- 
tween the two presentations (Peterson & Peterson, 1961) (3) Retention 
increases as a function of the meanmgfulness of the item Words are re- 
called better than nonsense syllables, and the retention of nonsense syllables 
in turn vanes with the association value (Peterson, Peterson, & Miller, 
1961) A recent study by Murdock (1961) examines the role of pre 
experimental response integration m the short term retention of single 
units Using the same procedure as Peterson and Peterson, Murdock found 


considerably higher recall for single monosyllabic words than for trigrams 
However, when clusters of three monosyllabic words and single tngrams 
were compared, the retention curves for the two types of materials over- 
lapped closely Murdock suggests that the rate of forgetting is invariant 
for a given number of “chunks ” The differences in retention may, however, 
be a function of variations in degree of learning (cf Underwood, in press) 
In a theoretical analysis of the conditions determining the recall of 
single items Peterson (1963) has proposed a distinction between two 
types of associative processes which combine to determine the retention 
of an item over a short interval of time, viz, ‘background conditioning” 
and cue learning” The former refers essentially to the association be- 
tween the response and the general context of the experimental situation, 
w ercas the latter denotes the acquisition of the particular sequences of 
letters prescribed by the experimenter The index of background condition- 
ing used by Peterson is the recall of the first letter of the item, whereas 
cue learning is measured by the degree of serial dependency between suc- 
?? Sl ,\ C .! CUC J S ’ 1C ’ ^ mcan ^Pendent probabilities of the second and 
third letter being recalled, given correct recall of the preceding letter These 
rxr/, 41 nc “ ssan, y vai > l °Se*er as a function of the expen- 
? °" S u ^ y ' lhe dc P <:nii “‘ probab.Itt.es mcrease ruth 
° f ** nm d °“ "r>< On the other 
offe K repetmons with ttems of tow mcamngfulness fasors recall 
' l r n °‘ T :n “ ^ rhrpr-nrlcnt probabilities Mean- 
ol ba-feroumi He arnm g whereas spacing determines the proportion 
Es.cs ; liss, 0 WhKh ,h= hr conditioned (cf 
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The fact that meanmgfulness and spacing have differential effects on 
the two measures of performance does not m itself seem to require the as- 
sumption of two distinct associative processes The assumption that only 
the first letter is conditioned to the background and in turn serves as a 
cue to the recall of other letters is ad hoc and becomes quite implausible 
when highly integrated responses are learned Since meanmgfulness and 
response integration are closely related (Underwood & Schulz, I960), 
the high degree of serial dependency in the recall of meaningful items may 
be attributed to the transfer effects of preexperimental habits rather than 
superior cue learning (see Murdock’s findings mentioned above) The 
fact that, with meanmgfulness held constant at a low value, spacing influ- 
ences the recall of first letters but not the degree of serial dependency does 
not necessarily point to a process of background conditioning as distinct 
from response integration If the integration of items of low meaningful- 
ness proceeds gradually and in a sequential order, it is reasonable that the 
recall of first letters should be more sensitive to the small beneficial effects 
of distribution than the dependent probabilities. Jn short, we find nothing 
m the available data on the recall of single items which calls for a separa 
hon between background conditioning and cue learning This is not to 
deprecate the importance of contextual stimuli in the recall of verbal items 
However, when only a single item is learned and recalled, it is difficult to 
make a clear-cut operational distinction between the general context and 
other more specific cues to the response 

Regardless of the theoretical interpretation, the parametric studies of 
Peterson and his associates indicate that retention of single items is a func- 
tion of the same task variables that are known to influence the acquisition 
and retention of lists, e g , meamngfulness and distribution of practice The 
same appears to be true for the retention of a single item within a list 
Using lists of word number pairs, Peterson, Saltzman, Hiflner, and Land 
(1962) found that the probability of recall of individual associations de- 
creased steadily as a function of the time interval (or -number of items 
intervening) between presentation and test Both the presentation and test 
occurred during a continuous exposure of the list, and some of the reten- 
tion intervals were shorter than the intertnal intervals conventionally used 
m the learning of lists Forgetting was significantly less after two than after 
one presentation of an item Since parallel functional relations appear to 
apply to individual items and to lists, there is every reason to agree with 
the conclusion of Peterson et al that ‘it would seem parsimonious to as- 
sume that short term retention is basically similar to retention o%er longer 
intervals until experimental evidence dictates otherwise’ (1962, p 402) 
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Short-Term Retention and the Concept of Memory Trace 

The evidence reviewed thus far m this section clearly supports the con- 
clusion that substantial amounts of forgetting may occur over short periods 
of time A variety of experimental procedures has been used to demon- 
strate such rapid forgetting, most of which hate certain basic features in 
common (a) There is only one exposure to the materials (6) The reten- 
tion interval is filled with an interpolated activity which is assumed to 
prevent rehearsal This interpolated activity consists either of the recall of 
other items or of exposure to irrelevant stimuli In a broad sense, there- 
fore, the experimental procedures usually reduce to studies of short term 
retroactive inhibition (c) With fewr exceptions, ordered recall of the en- 


tire stimulus series is used to measure retention 

The fact of rapid short term forgetting in the absence of rehearsal has 
been widely interpreted as lending at least indirect support to the concept 
of an immediate memory trace which deteriorates rapidly unless it is re- 
stored and converted into a more permanent trace by repetition The ques- 
uon may again be raised of whether the concept of a decaying trace and 
the implied distincucn between short term and long term memory (Hebb, 
1949, Broadbcnt, 1958) are indeed supported by the data 
The finding from which the concept of a decaying memory trace ap- 
pears to derive most of ns face validity is the extreme speed with which 
performance deteriorates under the experimental condiuons described 
above The retention curve may m a matter of seconds drop to a level 
comparable to that obtained after days or even weeks in conventional 
studies of rote learning Thus, a dual process is suggested, one reflecting 
the fate of the pnmarj trace and the other that of a consolidated trace 


which has been prevented from decaying by explicit or implicit rehearsal It 
is uncertain, however, whether the results obtained in experiments on im- 
mediate memory and on long term memory are sufficiently comparable 
to male a judgment about the relative rates of forgetting in the two situa- 
tions and then to infer the operation of two different processes of retention 
Two variables which arc known to determine the rate of forgetting are 
the degree of original learning and the measure of retention used It is not 
possible to compare directly the degrees of learning represented by a single 
cxposuic to a short senes of discrete units on the one hand and the extended 
practice of a Ust on the other The measure of retention used in many 
of the studies of short term retention c g , those which use materials such 
as scries of uipts or letters is perfect reproduction of the enure sequence 
In stau.es of longterm retention credit is typically men for each item 
corrccil) When these d, licences arc uUn tnlo account, the 
possibiluv rc->a, ns open that there ts no baste discontinuity between the 
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retention functions obtained in the two types of experimental situation 
The evidence showing the retention of single items to be a function of the 
same variables as the acquisition and retention of lists strongly supports 
the argument for continuity 

A more fundamental question concerns the possibility of drawing infer- 
ences about the properties of a hypothetical memory trace on the basis 
of the experimental observations which have been made As we have 
emphasized, one of the characteristics of the relevant studies is the use 
of interpolated activities (or such special arrangements as simultaneous 
stimulation of the two ears) for purposes of preventing rehearsal The 
amount of forgetting is, therefore, determined jointly by the retention inter 
val and the effects of the interpolated activity The degree of decay of the 
trace must, of course, be assumed to be a function of the time interval 
per sc The assumption has to be made that the interpolated activities are 
not primarily responsible for the retention losses and do not influence the 
rate of decay of the trace It should be noted that interpolated materials of 
varying degrees of similarity to the original learning materials have been 
used When the interpolated activity involves the recall of other items from 
the same list, as m experiments in which length of retention interval is co 
ordmated With order of recall, the similarity is high In other situauons, 
eg, when the interval after presentation of a verbal item is filled with 
counting backwards, the similarity is low 

It is clearly hazardous to assume that interpolated activities merely 
serve to prevent rehearsal and do not function as effective sources of inter- 
ference over short retention intervals The objection to this assumption 
is not removed when the learning materials and the interpolated stimuli are 
highly dissimilar In conventional rote learning studies substantial amounts 
of retroactive inhibition have been obtained even when the intertask simi- 
larity was low Such interference appears to be largely a matter of 'gen- 
eralized response competition,” 1 e , the S’s tendency to persist in the 
performance of the interpolated task when required to recall the original 
list (Newton & Wickens, 1956, Postman & Riley, 1959) Performance 
decrements owing to a loss of set are very likely to occur in experiments 
on short term retention in which 5s are required to switch rapidly from 
one activity to another The highly disruptive effects which can be pro 
duced by brief interpolated tasks filling only a fraction of the retention 
interval are illustrated by Conrads (1960a) findings discussed above The 
fact that the kinds of activities which are used to fill the retention intervals 
also produce significant proactive effects likewise points to the presence 
of wterserial interferences It has already been noted that short term pro- 
active interference cannot be readily interpreted from the point of view of 
decay theory In summary, experimental tests of the decay )po csis are 
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seriously, i£ not fatally, handicapped by the dual requirement of measuring 
forgetting as a function of time and preventing rehearsal The latter require- 
ment makes it necessary to fill the retention interval as effectively as possi- 
ble with an interpolated activity Once that is done, the relationship be- 
tween forgetting and the sheer passage of time is obscured 

At a still more general level, the connotations of the concept of trace 
continue to suffer from vagueness The assertion that each stimulus leaves 
some neural aftereffect has few, if any, precise empirical implications If 
the trace is to be specified in more detail, the extremely troublesome ques- 
tion arises of what the unit of stimulation is which is represented by a 
fading trace is it an individual element such as a letter, a group of elements 
such as a word, the entire senes 7 When the functional unit changes, as it 
appears to do when ‘chunking’ takes place m the immediate memory 
span, or in the recall of individual items, does the trace umt change like- 
wise 7 As long as such questions remain unanswered, it is not likely that 
cntical tests of the trace hypothesis can be devised 

The recent upsurge of interest m the decay theory of memory has led 
to the dc\ elopment of some very valuable new procedures for the measure- 
ment of short terra retention Important new information about the course 
of retention over short intervals has been obtained by these procedures 
However, the theoretical clarification of the concept of trace continues to 
lag far behind these experimental developments 


rrce Recall and Serial Recall 

Associative processes and preexpenmental habits of classifying and 
ordering the learning materials arc likely to be aroused whenever a series 
of items is recalled There is only limited opportunity to evaluate the 
influence of such habits when the scries consists of homogeneous units, 
and reproduction in the serial order of presentation is required, as in the 
determination of the memory span and in many of the studies of short term 

™ tCn , U i°£ u HlCh ha ' C bCC " rcv,c * cd lhus far ^ is true that preexpen- 
mcntal habits can influence the grouping or “chunking’ of items and are 

hnm C r! Cd *? c u haraclcml,cs of Ts errors In general, however, 
cS S C llK 1,51 Md ,hc constraints of serial order 

materials Th~ = P° sslblIlUcs °f ‘recoding’ and rearranging the learning 
DrccxDcnment'i^h^tl 1 ! 11 ' "^1 l ? obscne an d evaluate the transfer effects of 
reproduction of v. ^ l ^ C °P cratIDn °f associative mechanisms in the 

mcmw " hKh ™“ d lh = *P a " immediate 

“= ™t and m , StUj,CS of short >™ retention by the method of 
^ a recLr C ” lua,,0n thc ddI “‘"«* between free ..call and 
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Experimental procedures — When a subject bas been exposed to a list 
of items, he may be instructed to reproduce them either in the order of 
presentation or in any order he wishes These instructions define serial re- 
call and free recall, respectively When the series is presented more than 
once, there are three combmations of conditions defined by the constraints 
on serial order in presentation and recall (a) constant serial order of 
presentation and serial recall, (b) constant serial order of presentation and 
free recall, (c) varying order of presentation and free recall (Waugh 
1961) The alternation of presentations and recalls defines a rote learning 
task in which learning is measured by the rate of change in t e 
retamed as a function of the number of repetitions (Murdock, 1960) An 
important difference between these procedures and other rote i fearaing 
tasks is that study trials are separated from test trials Such a separation 
can also be made in paired associate learnmg-as, for ” y 

recent studies of one trial learning (eg, Qark, Lansforf, & DaUenbach, 
1960, Estes, Hopkins, & Crothers, 1960, Postman 1962a , Rock. , 957 
Underwood, Rehuta, & Keppel, 1962) > The separator of study trials 
test trials ts, of course, tmposs.ble in serial anticipator ra)1 oc . 

As methods of measuring performance, serial recall and free recall oc 
copy positions intermediate between die memory : span e*P«mr»t '" *= 
one hand, and conventional rote learning pr, >cedu n on ™ 

methods of free recall and serial recall, sing y J cannot be m _ 

the analysis of a number of important re a o s ft P efIe( . ts on retentl0 n of 
vestigated directly in other task situation ( ) constraints in 

serraf position m the list as distinct from the dfccttrfwd 
recall, (6) the relationship between the order of recall and tne 
of recall, (c) the relationship between se ” P oQ ^ frequency and 
of recall, ( d ) the effects of interitem hichlv important m mvesti- 

order of recall Questions such as these e hierarchies on Ieam- 

gations of the effects of language that the recall methods, 

ing and retention It B P rmai ^ y * , vcd th ei r most effective system- 
and especially that of free recall, have recene 

atic application _ . omlvses of the variables 

Basic task variables in free recall R provided important 

detenmnmg performance in imme iate ree w hen the span of 

information about the processes which cm**** recall ^ re _ 
immediate memory is exceeded and the constraints 

? receives immediate rem 

‘Under the conventional method of antia^ trials are alternated there « 

forcement or correction When iff ZfL fj f acqms.uon under the 
only dCayed feedback Never,** to mlta4 •*> Lock 

procedure equals or surpasses that t>y ui 
head 1962) 



Leo Postman 


176 


moved The most general conclusion which is supported by the evidence 
is that amount of recall depends on (a) the opportunities for rehearsal, 
(f>) the availability of integrated response units, and (c) the number and 
strength of the interitcm associations which exist or can be established 
within the scries The effects of three major task variables in free recall- 
length of list, time of presentation per item, and meaningfulness — can be 
interpreted as consistent with this generalization. 

In an extensive investigation of the variables determining the immediate 
free recall of unrelated words Murdock (1960) has presented clear evi- 
dence for the conclusion that the number of items recalled after one 
presentation of a series is a linear function of the total time required for 
presentation The total time is the product of the length of the series and 
the presentation time per item The amount recalled remains invariant as 
long as this product does Recall increases as a function of both length and 
presentation time, but a reduction m one of these can be compensated for 
by an increase in the other In Murdock’s data this invariance holds true 
over a wide range of the two variables and of experimental conditions, 
and he showed it to be present in the results of other investigators as well 
It appears likely, as Dccsc (1960) has suggested, that increases m either 
the length of the list or the presentation time per item enhance the op- 
portunity for rehearsal To account for the invariance of amount recalled 


with time, it is necessary to assume further that only a limited number of 
items can be rehearsed during a given period of time, regardless of how 
many different items are presented Rehearsal will strengthen the connec- 
tion between each item and the situational context, but it will serve other 
functions as well, depending on the characterises of the items in the list 
Among these characteristics mcamngfulness is of major importance 

In the analysis of rote learning it has proved useful to distinguish between 
two stages in the process of acquisition a response-learning stage and 
an associative stage (Underwood & Schulz, 1960) During the response- 
earning stage the items to be recalled become available as responses If 
they are not already in the S' s repertoire, they must be integrated through 
practice, if they arc already available as integrated units, the range of rc- 
Y rcStr,ClCd 10 thosc m thc hsL During the associative stage 
^ UCnU ^ connections between cues and responses are 
its maior pfr/t lhC rcs P° nsc * lcarn,n g stage that mcamngfulness has 

available for 5 * determining the order in which responses become 

“ h / ^ lat ‘ 0n V y hC " ffCC fccaU * considered within the framc- 
luvt as csscnint h^ SlS> '* ^ cc ° mcs a PP a rcnt that response integration is 
required Howr^r^ ** *” 01 ^ Cr s,luaUons m which recall of thc items is 
of the rcocrioire »’ r ”P° nsc C3rnin S- ln th c narrower sense of restriction 
P*- o thc required units, now becomes closely tied to as- 
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sociative learning Response learning and associative learning are inter 
dependent in the free-recall situation because there are no restrictions on 
the order of recall Thus, any and all associations which exist or are 
established among the integrated and available items will facilitate repro- 
duction By contrast, in paired associate and serial learning, all but the 
one required association become sources of intrasenal interference It fol- 
lows from these considerations that amount of free recall should be a func- 
tion of (a) degree of integration of the response units and (b) sttei^ 
of mtentem associations when the list is composed of integrated units The 
facts are in accord with these conclusions j 

Under otherwise comparable conditions, free recall for “S" s 
is very much higher than for nonsense syllables (Postman & Ada™, 1956b 
1958? Postman & Phillips, 1961) This difference increase »‘ h h = ="S‘ h 
of the list For nonsense syllables, the amount of bee^altisa tonctmu o 
association value (Postman, Adams, & Phillips, 1955 ) Smceassoc.ation 
value and degree of response integration are c ose y re a response 

Schulz, 1960), all these resui.s support the critical 

integration in free recall The interaction e arsa| scpves d,ft ere nt 
length of list in these comparisons indicates that mteerauon for 

functions for the two type of materials cn 8 aa , n „ ful , lcms It is 
nonsense material and associative learm g slowly as a 

reasonable to suppose that the former process develops more slowly 

function of rehearsal time than the latter , ( the pro ba- 

When die learning » clearly 

bility of mtentem associations becom n9fi01 investigating the ef- 

supported by the results of n ^amount 

fects of the frequency of usage of wor 8 compared, with the 

of free recall A wide range word ncy class, and lists varying 

words selected a. 'andom with.n each ^ earIler studies 

m length between 12 and 100 was fou „d to increase with 

(Bousfield & Cohen 1955, Hall, 195 1^ rc]a , Ionship belW een length 
word frequency, and there was P as a function of length was 

of list and amount recalled Th o£ low word frequency Deeses 
significantly greater for lists of g frequency and its inter- 

analysis shows that both .he vanauons in .he 

action with length of 1st “'' bc,tr ; b ;‘“‘“ n dcnt index of assoc, alive 
strength of interword associations A a P ^ m a given list 

structure (the average frequency wit associal c) correlated with both 
ehcited every other word in the ist h=|(| constant at zero, there was 

word frequency and recall With index also mcrcase 

no residual effect of word frequency on reca i ^ ^ ^ (rcquc ncy 

with length of list but more so for lists n S 
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This interaction accounts for the disproportionately large increases in re- 
call as a function of length found for the high frequency lists Deese sug- 
gests that these increases represent a joint effect of associative clustering 
and rehearsal 

There is other clear evidence for the dependence of free recall on the 
strength of intentem associations Instead of determining the amount of 
interword associahon m randomly selected lists, it is possible to manipulate 
this variable systematically by constructing series for which the index of 
associative structure varies from low to high When that is done (Deese, 
1959a), a high correlation between the strength of intentem associations 
and amount recalled is obtained At the same time, a negative correlation 
is obtained between the index and the frequency of intrusions from out- 
side the list the higher the index, the more likely it is that associations 
aroused by a given item are actually members of the list Finally, the higher 
the index the more agreement there is among Ss on the intrusions that do 
occur, i e , the context of the list determines the particular intrusions 
which arc given When the items in a series converge upon a common 
associative response outside the list, the frequency with which that response 
will occur as an intrusion can be predicted reliably on the basis of the 
converging associative strength (Deese, 1959b) 

i ? UCn mtc S ratc d response units, the average strength of the associations 
linking the items m a list is a powerful determinant of the amount recalled 
e question remains of how intentem associations function during the 
. |“ al P roCcss of ie c;ill There is reason to believe that 5s do not de- 
p J C , y r< ^° ns ^ruct the lists on the basis of the associative context For 
^*1* T pr ,° V,ded Wth 30 extra 1151 cue labeling the associ- 
t of the list, there is no increase in the amount recalled (Deese, 


Rolt *°pf and Coke (1961) have shown that after a 

the hen. 1 ? “ „ ? '?* to, S l « M but one of the shmulus words ra 

d. cedv wST £ ? ° f ° l * 8'ven word vanes 

uirccuy uuh the number of other items m s. a 


an assoentwe , E other items m the list which elicit that word as 

groupings within nST 1 ?' rC “ 3 lar 8 c number of different assocrahve 
contcrefnec of , ' i C ‘ Icca1 ' tcm ™ l-Sty sens, Use to the 

other directly, rceard'lcs's'n/" 01 ' 31 ’' 1111 ' 1 As50clalcs appear to elicit each 
a process of dcuLnte con ‘tguily during exposure and not through 
responses « 'SS STST" “ ? 0WS ^ t “ wh ' C ” 

ncctions amona them 1?-. S ov , crncd by the preexpcnmental con- 


nm^ng them The facts of elustenng 


indeed ihe 
Cluttering ut recall— H 
vuc the distinction which 


in recall show that such is 


"ill be useful 


i ha — l ° ma ^ e c *phcit and to empha- 

cxpcnmcntal habits and bclv,ccn the c[fects of P rc * 


1 as sociauons on the 


amount retained on the one 
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hand, and on the performance characteristics of recall on the other Con- 
sideration of the performance characteristics provides an independent check 
of hypotheses advanced to account for the observed effects on retention 
Associative clustering is a case m point If intenteni association enhances 
recall because items elicit each other just as they do in free association 
(Deesc, 1961), it is clear that associated pans should appear together in 
recall The degree of clustering, moreover, should be a function of as- 
sociative strength The facts support these predictions When members of 
associated pans are presented in scrambled order, toy tend o be group d 
together in recall (Jenkins & Russell, 1952), and the amount of clu mg 
is a function of both the rank of the response Word m the free i ass °™“ 
norms (Rothkopf & Coke, 1961 , Russell & Jenkins, 1952) tbe ab ”“ e 
frequency tilth which the response appears in the norms “ ’ 

& Russell, 1958) Since degree of clustering and amount of recall are cor 
related, the data are consistent with the assumption *at gams m recall 
occur when associates elicit each other directly s increased if Ss 
ever, that die amount of clustering can be substantmUy merged d 5 
are instructed at the tune of the recall test to reprod act ^ “ 

they can (Postman, Adams, ft Bohm, 1956) by mcma“s 

increase in clustering under instructions is no P t haf deliberate 

in the total amount recalled This finding suppo f u f associ- 

selection is not responsible for the gams in recall as a function 

ative probability There jg another unportant kind 

The story does not, however, end „ (tnbute d to the operation of 

of clustering which has been traditions y tenn p wbic h has been 

mediatmg processes We refer here to ca X he categones usc d 

studied extensively by Bousfield i a ^ ,ables, professions, names, 
m these studies are taxonomic, e g , d J 953 ) involves the 

etc The basic experimental procedur ,,. nrd =,’fall:n:i into a limited 
presentation m random order of a recal j T jj e frequency with 

number of categones, followed by a ^ recall dcfines the degree of 

which sequences of related words dlowa t0 mcrease as a func 

clustenng The degree of clustering presentations 0 f the list (Bous- 

tion of several variables (n) the num P f ttie words m the 

field & Cohen, 1953), (i) the frequency of ^ of 

lrst (Bousfield & Cohen, 19 ^ 5 )- W ( w hich 1S corr elated with word 
words m the cultural norms lot calego rrc l . (J) num bcr of 

frequency) (Bousfield, Cohen, 1956) In general, amount re- 

categones m the hst (Bousfield • ^ o£ clostenng although the 

called is correlated posruvely w th the b findings on amount 

relationship is somewhat “““ bl =f° r f are mcom, stent (Bous- 

recalled as a functron of the number of categorre 
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field & Cohen, 1956, Mathews, 1954) During the recall period clustering 
characteristically nses to a maximum and then declines as a function of 
time As the degree of clustering mcreases, the initial level becomes higher 
and the maximum rate is reached sooner 
In his theoretical interpretation Bousfield has suggested that exposure 
to individual words results in the activation of superordmate (neural) 
structures which represent the category to which the word belongs Arousal 
of a superordmate structure in turn facilitates the response of subordinate 
structures related to it, i e , the emission of other words in the category 


These organizational systems, which are modeled after Hebb’s cell assem- 
blies, arc assumed to have the properties of habits Considered as a habit, 
a word is, therefore, assumed to have two kinds of strength — habit strength 
reflecting its frequency of usage, and a “relatedness increment,” which is 
attributed to the facilitation produced by activaUon of the superordmate 
It is the rclatedness increment which is responsible for clustering and cor 
related mcreases in recall The relatedness increments are assumed to 
develop dunng both learning and recall 
To the extent that the words elicit each other as associates, the assump- 
tion of a mediating process is not required, and category clustering can be 
considered a special case of associative clustering Clustering may, how- 
cvcr be based on formal grammatical as well as semantic categories (Cofer, 

, Gonzalez & Cofer, 1959) In such cases, the simplest assumption is 
at a common cue producing response given to each item in a category 
me iatcs sequential reproduction Such an interpretation of the mechanism 
o clustering was, indeed, recently suggested by Bousfield, Whitmarsh, and 
, 0Ullz ' 60) who showed that there is a significant correlation be- 

idenh!> , ^ C ” cncc o£ clustcrui S and what they describe as ‘ partial response 
resrmn^t a. C ’ C cxtcnl t0 w hich a set of words elicits common associative 
that both iru» rCS ^° nSe mechanism is also indicated by the finding 

Zracucc nT 0DS ^ ^ ? rinC, P lc of construction of the list as well 

•h=u“ s s,smBcaDt “ crcaKs m 

Associativ^clustcnnp^^ 11 ^ l "° of clustering remains uncertain 
of ihc words in ihc Lt l ° d,recll y thc associative structure 

pcllcd by the data On ih ”°l rcc ° ursc t0 a mediational process is com 
clustering slS hand > at foL of category 

qucstion\ow ^ h S S !t?n iaUOn by 0,6 responses The 

clustering and if u u h . “ cccssar y to assume two distinct types of 
sequential order m recall D ** J claU ' c P nonl ‘cs axe m determining 
nent assoc.atnc clustcrmc ™c c m S,' atCd clustcnn S supersede or supplc- 
groups of nems is recommit , toc P rcscncc of taxonomically related 
a PP f opriatc cue producing responses arc 
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made to the words’ To answer this question, it will be necessary to de- 
velop materials m which the effects of intent™ association and response- 
produced mediators are pitted against each other 

Sequential dependencies m free recall— The question of the specific 
mechanism by which nonrandom relations among words influence recall 
becomes critical ,n the interpretation of the effects of statistical dependen- 
cies between verbal items The method of statistics approxima o 
English introduced by Miller and Selfridge (1950) has provided a method 
for the systematic manipulation of the degree of contextual detemunahon 
of the successive items in a list In continuous discourse the rang * of 
ble alternative responses decreases with the length o “ l 
viding the context of successive items By varying the g 
textual sequence determining the choice of successive words ““ 
Sclfndge constructed lists which represented different otters .of j>PP™ xl “ a 
non to the statistical structure of English Nu , <* Z 
a negatively accelerated function o£ * e or ^ ,{£ ams m recall ap- 
Postman & Adams, 1960, Sharp, 1958) ' ^ ther than to the 

peared to be attributable to shoi rt term ‘ lhe imm ediate memory 

meaning of the entire passage How , o£ presc ntation is 

span method is used so that recall in textual material has a 

required, the function ls P“ mvely he more sensitive the test of 

distinct advantage (Marks & Jack, 19 ~) ^ greater are 

retention is to the preservation of sequenUal dependences, tn g 

the effects of contextual constraints pro xn»atian’ The gains 

Why does recall increase with the or PP assc)C1 ations since se 

cannot be determined by the streng clearly cannot be derived 

quential dependencies in continuous especl ally when the 

from the associative hierarchies ° _„ n51 dered An analysis by Deese 
critical importance of function w ° r s . f appro ximation influence not 
(1961) suggests that increases in Ahc °™ t o reconstruct the material, 
so much the amount retained as knowledge of the characteristics 

essentially by guessing, on the basis prescnted by Deese is that 

of the language One persuasive of approX imation are highly “ ’ 

the gains in recall as a function o Ss in supplymg words delete 

related with the degree of ag^fjnent^ ^ ^ P hlgh agreement are 
from the different passages hlgher -order appro*'** 

* A recent analysts by 

tions included more complex wor matcbe d in syllabic length n also 

the lower order ones When passag w h er*order approxtmauons- 

quency, prose was recalled better ' oxima t,on depend on ^be lc»g 

showed that the deferences among wders^f app ^ ^ce the grater 
the sequence used as the unit of 
advantage of the higher order app 
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likely to be the ones whtch appear m the ongtnal P^agdt sjeasonab 
to suppose that Ss do in reeaU what they do on the deleUon V,Z ’ 
construct the material on the basis of the probaMtt.es of dttoent 
and sequences Another experimental finding is consistent with 
that recaU of the higber-order lists is m part constructive m nature 
Ss are required to recall their own responses m a deletion test, recall 
increases and then decreases as a function of the commonality o t e 
sponscs This relationship obtains under both intentional and incidental 
conditions (Postman & Adams, 1960) Thus, individual words on w ic 
there is a high degree of contextual constraint are recalled no better a 
words on which there is little agreement High-commonality responses are 
likely to be parts of convenuonal phrases or function words which are 
determined mostly by the context of the immediately preceding vvor s 
rather than by the general context Such locally determined response^ 
which occur m many different verbal environments, are not likely to 
recovered in free recall in the absence of the local context. These very 
items can, however, be readily reconstructed m the reproduction of a se- 
quence and contnbute to the gam in recall as a function of the order o 
approximation. 

RccogmUon of the construcUve nature of the recall of sequentially 
ordered senes points up an important methodological problem which anses 
in the evaluaUon of free recall protocols for meaningful words and con- 
nected discourse The problem concerns the appropriate baseline to be 
used in measuring the amount recalled If this measure is to reflect changes 
in performance attnbutable directly to the presentahon of the list, the lev e 
of accuracy which can be achieved by guessing must be taken into account 
The question becomes how much that is specific to the Ust must be recalled 
in order to allow rcconstnicuon of the rest The problem anses whenever 
uie senes to be learned includes redundant sequences, and the learner has 
cn taught to make use of these redundancies (Abom & Rubenstem, 1952, 
Ruben*™ & Abom, 1954) or has an opportunity t0 discover them dur 
tng practice on the learning materials (Miller, 1958) 

Srrmlordrr u, recall — Analjsts of the effects of sequential dependencies 
train™ m *' ““dcrstanding of lie conditions dc 

a r ,ti0n m rCCalL 1° contrast to the t ) T f 
So“”u sub^T 0 ” am “ & ^ p 0 ^ «« in Jr ; 

aJstlaee of SrCMCr final “y «■“ P™nacy effect Stnce & 

icntcd. it had been supported ftjJV C " hanad wbcn rehearsal 1 is f 
bcarsal of the muial ttems dSraV C “ CCt 15 Produced by « 

1924 Raflcl 1936) pI T n,: ““ ,n of *= lot (Welch & Bunted. 

Vtbttmtu* lEs,crson n^ PI tf yh f some effects (cf 

■ l958 >. ,t u now c i car tha[ ^ s j, 3 pc of 
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serial position curve in free recall is determined m large measure by the 
order of emission of the items The order of emission can, m turn, be 
manipulated by varying the degree of sequential dependency between suc- 
cessive items 

These relationships were demonstrated in a study by Deese and Kaufman 
(1957) When the words m the list are unrelated, there is a high degree 
of correlation between the probability of recall and order of recall This 
may be regarded as an extension of Marbe’s law to free rec ( ous^e , 
Cohen, & Silva, 1956) The last items are recalled most frequently (perhaps 
because the retention interval for them is shortest) and are given st us, 
the finality effect is greater than the primacy effect When successively 
higher orders of approximation to English are used, the or er ,° , 
comes to be determined by the order of the items m the list, and relat 
primacy increases Priority m recall is favorable to retention, an 
beneficial effects of early emission counteract the in uence , 

such As a result, the serial position curves in ™\ta o R on1 
material and in serial anticipation learning are quite sinuta Am dogma 
shifts m serial pos.Uon can also be produced by msUu ° 
call (Deese, 1957) In all these cases sequential constraints, e ther mheren 
in the material or imposed by instructions, determine the order of recall 
and thereby the shape of the serial position curve presenta- 

The fact that order of recall per se, as distin tan < . 
tion, influences performance in an unpace acquisition were 

study by Waugh (1961) in wh.ch three 

compared (a) serial recall, (6) free reca presentaUou A linear 

tion, and (c) free recall with a constan P ,j W1 th successive 

learning curve was obtamed by the method of serial recall, m ^ 

increments on the order of the immed'a e m i ^ identical, were 

negatively accelerated learning c “"“’ to ^ buS| , he mstmcUons concem- 
obtained under the other two cond Dre sentaUon was the cntical 

mg the order of recall rather than or Waugh suggests that 

variable m determining the course q segments falling 

under condtUons of senal recall Js rchean *= “ “ , of the lot This 
within the memory span while effective yg MectJon W uh the running 
is a strategy reminiscent of that des “‘ Q b when there is no restriction on 
memory span Such a strategy is ” P f w W ords being recalled dc- 
thc order of recall, and the probabiht I of ne recalled „ ou ld 

creases with trials The slow rate of f “ “ £( 

be consistent with the presence of a sleep cvldcn ce reviewed 

Conclusion free recall versus ordered r “° between free re- 
in this section jusnfies the conclusion dassificanoa of studies 

call and ordered recall is of major s.gmficanee in 
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of retention m general, and short term retention in particular The presen- 
tation of verbal materials is necessarily sequential, and the changes pro- 
duced by practice are of two kinds — in the availability of the correct re- 
sponses and in the ability to order these responses The separate assessment 
of these two components of acquisition becomes possible by comparisons 
between free recall and ordered recall 


The functional relations obtained by the method of free recall will di 
verge from those obtained by the methods of ordered recall to the extent 
that the experimental variables have differential effects on response avada- 
bihty and on the retention of order The influence of response similarity 


is a case m point. Amount of free recall vanes directly with response 
similanty as may be expected on the basis of the positive correlaUon be- 
tween degree of category clustering and recall By contrast, intentem 
similanty is inversely related to the accuracy of ordered reproduction 
These opposing trends have been clearly demonstrated in expenments 
making direct comparisons between the effects of response simdanty on 
rcc recall on the one hand, and on reconstmcUon of serial order (Horo- 
T^ov 96l) , and paired assoc,atc learning (Underwood, Runquist, L Schulz, 
on the other It is clear that the vanables determining short term 
retention must be considered in relation to the method of measurement 
ny general theory of rctenUon, whether a trace hypothesis or an inter- 
fcrcncc hypothesis, must lake account of this fact 


Incidental Learning 

STCUon^Mti!^ 311011 °t! lnc,dcma ' learning has been reserved for the final 
propaedeutic t ccausc much °f "hat has been reviewed above is 

LJmne are i ° 1 ““'°" T1 ' c 0 P crat,on5 used in studies of incidental 

materials cxccedm/th,. 05 ' c * penmcnts on 'he short term retenuon for 
to examine ” d„ 8 a Span The °£ research has been 

turn ,”l C,,,i “ , ^ nd,,,0nS ' a "«K>nal relations known to ob- 
is whether and m what wars TccMch' 0 " Wh '!; h haS t>P ' Cally bee " 
omitted This approach ml k- i b 5CS when instructions to learn are 
and the cv IS 'Z l ** chara *™«l as a “subtraction method,” 

from the known facts and IhcomUMlIm mUSt ,aU ,IS J'P” 1 " 2 

Tor a long n mc experimental ,mcr P rctaUons of intentional learning 
of a variety of materials , n « « ° csl, S aUons " crc limited to the sampling 
docs, indeed occur and is sio/r^ dcmoiulralc that incidental learning 
M>crs, 1913, She How 19^ mfcnor t0 wtentional learning (e g , 

•** a function of aec and mh onsidc [ jb,c attention was given to changes 
^oljus of incidental IcamL . ^ homcUlc variables The thcoreucal 
*g and the sjstemauc analysis of its determi 
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nants have been developing slowly This neglect of the problem was due 
in large measure to the difficulties which arise in the formulation of a 
clear operational distinction between intentional and incidental learning 


Definitions and Experimental Designs 

Definition of incidental learning— A basic obstacle to the definition of 
the term “incidental” has been that its connotations are negative t e ‘1 
refers to the absence of a set or intent to learn This negaUve d finhion 
can, to be sure, be given operational meaning by omitting m i motions to 
learn But tn then assuming that learning under these “ nd, ' ,0 "- 0C “” 
without any tntent to learn, one is essentially in the position i of accept, g 

the null hypothesis, and there has been cons.dcrable reluc ance to do ™ 

Thus, McGcoch wrote “ much of the learning w^fiocs on wi.h^o 
overt instructions is, nonetheless, influenced y imp 

sets certainly it cannot be said with any conclustvenes^at .tee are 

expenments in which implicit sets have not opera ’ ’ ]ts [ m mci- 
probability is on the side of the hypotf.es, s that all of the results [in 

dental learning] have been ! ‘’ff.Xtardom ever to assert that learning is 
McGcoch s point was that it is hazardous ever abandon- 

incidental in an absolute sense We can acc ^P P inctlon between 
,„g the substantive problem which - Q V” e ^„ g d 'rdImon S .ra.e a 
intentional and incidental learning In unc(1 onal relations between 

dichotomy, we must shtit “or concern .o^lmfunc.ton^ ^ and 

the instruction stimulus on the on . 1S an , n tegral part of the 

retention on the other The instruction s UQn of learning It can 

conditions which must be specified m any dimensions along which 

also be manipulated systematically, an ona h 5 about the test of 

tt can vary is the amount of mformatton gtven 

performance which he is to expect a tcst on a gnen type of 

When the instructions do not prepare m of thcS e materials as 

materials, it is convenient to destgna e suc h learning occurred 

incidental This destgnauon should not trap y vvhether or not such sets 
tn the absence of any incipient or transit o[ (heretical mterpreta- 

are likely to have been aroused becomes ffKts 0 f instrucuons on 

non One may, m fact, wish to 0 f the sets which ate 

learning m terms of the strengths aod Jf howe v Cr , to separate the prob- 
aroused In the first instance it is neaesS f mlerp rctation Operationally, 
lent of operational definition from by ,he use of different 

incidental and intentional learning ar d * d t hose which do ° ot P r 
classes of tns.ruc.ton stimuh^those wh cl do ™ „ of , hc mstruc- 

pare the S for a test of re.ent.on In Rental uiquirf which 

tion sumulus is often supplemented by a post pc 



Leo Postman 


ascertains the S ' s response to the instructions Incidental 5s who anticipated 
a test or deliberately rehearsed the material are discarded and replaced 
Again, the verbal reports should not be taken as absolutely valid, but the 
screening of 5s on the basis of their statements sharpens the separation 
between the experimental conditions Similarly, m an experiment on pitch 
discnminauon one would e limin ate 5s who admitted to having made judg- 
ments of loudness rather than pitch In summary, then, the terms “inci 
dental” and “intentional” are defined by categories of instruction stimuli, 
supplemented by a classification of 5s on the basis of their verbal state- 
ments It is not necessarily assumed that these definitions imply a sharp 
discontinuity with respect to the operation of sets or other intervening 
processes 

Experimental designs — Two types of incidental learning situations may 
be distinguished (cf Kausler & Trapp, I960, Mechanic, 1962a, Postman, 
Adams, & Bohm, 1956, Postman & Senders, 1946) In Type I the 5 is 
exposed to the stimulus materials but given no instructions to leam Fol- 
lowing the exposure his retention is tested unexpectedly The choice of the 
test determines the criteria of incidental learning in a given experiment 
These criteria may vary with respect to both the kind and amount of learn- 
ing that is required for successful performance, depending on whether re- 
tention is tested by recognition, free recall, serial recall, or transfer to a 
new task In the interpretation of experimental findings it is important to 
bear m mind that conclusions about incidental learning are specific to the 
method of measurement, just as they are in the evaluation of intentional 
learning While this point is obvious, it has not always been heeded m 
comparisons among experiments on mcidental learning 

n Type II of incidental learning the 5 is given a specific learning task 
.... ."J 8 P- UCC lS alS ° cx P oscd t0 materials or cues which are not 
instructions His retention for those features of the 
Cns define IK 31 ' DOt rClC , Vam l ° thc * sk specified m the original mstruc- 
will acaw be- n ? m °^ nt of mcidental learning, and the measure obtained 
St - ° f ** tCSt Type II situations may be further 
relevant and lrrcW C f SSCS on tllc k aMS of the relationship between the 
,nc nu l ZT 0f 1115 lotal learning situation The 

be / CatUrcs or attributes of the materials which 
that then iSJSE? H° karn but * hlch irrelevant in the sense 
of the task defined bv the ex^ nU ° n n ° l rc< * mred for thc performance 
which S has been mstnirt ,^ n J ncnter For example, if the verbal items 
colors arc a feature of tb i l0 * Carn arc Frmtcd m different colors, the 
expl cit task On ihc other h! 3 *? 111 ? matcnals "hich is irrelevant to the 
tcruls or cues which bear rn h ’ ^ UTclcvant components may be ma- 
ircct relation to the learning task, c g , when 
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the instructions are to learn a series of words but such additional items as 
digits or geometric forms are exposed along with the words Thus, the two 
classes which are distinguished within the Type II situation refer re- 
spectively to the incidental learning of intrinsic and extrinsic components 
of the expenmenter-defined learning task 

Type I and Type II are both incidental-learning situations because the 
S is not instructed to learn the materials on which he is tested In both 
situations the basic question is whether these materials elicit responses 
which become associated with the experimental situation an vv ic can 
then mediate correct performance on the test of retention t e * 
time, however, there are important differences between the Md lands o 
experimental arrangements These differences derive from the fact th t 
instructions to learn are given in Type II but not in ype 
instructions, however circumscribed and specific they may » 

assumed to have two consequences (a) The genera c ^ ss .^fferential 

which is entailed by a set to learn, such as **^^J**£^ 
labeling and categorizing of items, is activated o ma ‘enals, 

instrumental responses generalize to the irrelevan e learning 

the Type II situation is in principle more favorable to wc * « £ * 
than is ' the Type I situation" In the former 

generalized to the irrelevant ltems W ^ T n situation the critical 
aroused by these materials alone (b) In tn yp along 

differential responses to the irrelevant ”“ S ^frs tated! 

with those to the relevant materials Whan « m ^ Knais ar e, therefore, m 
the responses to the relevant and trree m 0 such task competition 

competition with each other (Mechanic, - situaUon is less 

obtains tn the Type I sr.ua.ton I. The net dtf- 

favorable to mcidental learning than tn yp extent to which 

ference between the two situations w offset by the effects 

the beneficial effects of a general, zed set to learn are y 

of task competition mo re appropriate de- 

Which of the two experimental arrange ^ ^ emphasis is on as- 
pends on the theoretical question at issue detennin ed by the nature of 
sociative processes in mcidental learning ^ j 1S f aV ored because 
the materials and the condiUons of presen > 1 WI thout the corophca- 

an evaluation of these variables can e ma competition On the 

lions introduced by generalization o se js mcidental learn 

other hand, mvesUgators whose primary dltl0 ns have usually turned 
ing as a function of mouve and ince . focused on the question 
to the Type II situation Such investtga n arc , 0 fluenced by van- 
of how generalization of set and tas P.ff encc between T>pe I ani * 
ations m drive and incentive However, the differe 
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Type II must not be overstated While it is convenient to make this distinc- 
tion for purposes of classifying experiments, it is also important to recognize 
the continuity between them This point will become apparent when we 
consider the role of the orienting task m incidental learning 

Orienting Tasks 

In a study of incidental learning the experimental arrangement must be 
such as to ensure the exposure of the 5 to the learning materials The 
particular procedure used for this purpose constitutes the orienting task 
To be useful, an orienting task must satisfy two criteria (a) it must, in- 
deed, create conditions which make it certain that the S perceives the 
incidental stimulus materials, and (5) it should minimize the development 
of uncontrolled sets to learn The requirement of an orienting task raises 
important problems of control and interpretation m the experimental analy- 
sis of incidental learning 

Type / — Consider the Type I situation first In some of the early studies 
using this design (e g , Biel & Force, 1943, Mulhall, 1915, Porter, 1938), 
the incidental 5s performed an orienting task whereas the intentional 5s 
did not but were simply instructed to learn Under these conditions it is 
impossible to determine the degree to which intent to learn and freedom 
from interference by the orienting task contribute to the advantage of the 
intentional learners To separate these two effects, a three-group design is 
required two mtcntional groups, one of which does and one of which 
docs not perform the orienting task, and the incidental group which like- 
wise performs the oncnUng task When this design is used, it is typically 
tound that the performance of the orienting task reduces the amount 
carnc under mtcntional conditions, as a consequence, the difference at- 
ioVt » l ° mtC e nt pCr Se 15 corres pondmgly reduced (Gleitman & Gillctt, 
man, I95^ an & AdamS ’ 1956b * Postman * Adams, & Bohm, 1956, Saltz- 

requ ‘ rcd hy “ menlmg task may be more or less con- 
conceive nf ?! rCSponscs wb,ch mediate associative learning One may 
rcsoonscs ° f orlcM,n S tasks, ranging from those requiring 

nummallv a^ mal > ‘“"’'“h' 0 to learning to those requiring responses 

- — i — .. each of a senes of items, the responses arc 


similar to those which 


ins* one of n nr „ assumcd to occur in learning By contrast, guess- 
such uems to a hmitcl ^ l0 . Cach of 3 scncs of verbal items or matching 
to learning because ihc^rcZ sc | omctr,c dcsi 2 ns is probably unfavorable 

" ' C 0Ilcnlln S task is performed by both groups, the dillcrcnce 
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between intentional and incidental learners should depend on the position 
of the orienting task along the continuum described abo ™ 11 f 
minimal when the orienting task falls at either extreme o e 
At the unfavorable extreme, the beneiic.al effects of tn ent wou d be 
m, mm, zed by massive interferences from the orientmg 
the favorable extreme there would be max.mafacilttaionofineidenul 
learning The data support these expectations With matem °“' d 
tions of testing held constant, the d.tferences between mten nonal and 
me, dental learners may vary over a wtde range as a 
,ng task (Fostman t Adams, 1956b, Saltzman, ^ ^hat « ™st ,m 
portant, however, is that the difference reduces o z ^ of onent- 

which appear to approximate the two extremes of t e substantially 

ing J!f , e , when learning is —‘.hi! 

facilitated by the orienting task These facts iea ar£ jn . 

intent per se has no significant effects on ear g mat enals which 

direct, ie, , ns, ructions to learn activate a P 

are favorable to acqutst.ion The same results can be achieved y 
propriate orienting tasks without instructions relevant 

Type U -in the Type II s.tuatton ^“"^^ .rrelevan, ma- 
matenals at the same tune unpo e S ^ intnnslC ally associated 

tenals, provided both components . . b the s tudy of Bahnck 

with each other These conditions are «™P^ a ‘ senes of geometrtc 
(1954) m which Ss were instructed Jors filling each of the 

forms and were later tested for re * en *““ 1959) However, when the 
forms (cf also Kausler, Trapp, re . ’ _ es an additional orient- 
irrelevant materials are extrinsic to t e wn An experimental pro- 

ing task is required just as “ *£? Titrates this situation Pairs of tn- 
cedure used by Mechanic (1962a) diu xhl , wcre m . 

grams were presented, ™e member above , . o ^ bo(tom To 

structed to learn one member P WEre also instructed to rate the 

ensure exposure to the irrelevant i ’ As Mechanic has pointed 

members of each pair for P °" a d irre j EV ant items are intnnsica y 

out, the procedure in which relev ^ ^ w , hc mcidcntal ma- 

associated permits no control ovcr * en P urc d W hcn die irrelevant 
tenal even though its sensory rc«P*“ , he rcspo „ s e to the incidental 
items are extrinsic to the relcva ’ ns 0 f different orienting tasks 

materials can be mampuhmd by mcans^ c f Type II situations 

,s ssrrs xt* - 

, he incentive for performance of. he 
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learning, on the other hand, increased directly with the strength of the 
incentive Thus, both intentional and incidental learning varied as a func- 
tion of incentive, but in opposite directions Similar results had previously 
been reported by Bahnch, Fitts, and Rankin (1952) concerning the ef- 
fects of incentive on the performance of central and peripheral tasks By 
contrast, under the conditions of Mechanic’s experiment variations in in- 
centive influenced neither intentional nor incidental leammg (Mechanic, 
1962b) These contradictory findings fall into place when the differences 
in the degree of control over the S's responses in the two situations are 
taken into account It is reasonable to suppose that m a situation like 
Bahnck’s variations in incentive influenced the relative frequency of dif- 
ferential responses to the intentional and incidental materials and as a 


consequence produced significant shifts in the amounts of intentional and 
incidental learning When responses to the materials are controlled by an 
oricnUng task, incenUves do not influence either type of learning On the 
other hand, as Mechanic was also able to show, variations in the orienting 
task determine the amount of Type II incidental learning in a manner 
consistent with that found in Type I situations 

Variations m drive, like incentive, may be expected to influence the rela- 
tive frequency of the S's responses to relevant and irrelevant stimuli Several 
studies have investigated Type II incidental learning as a function of anxiety 
manipulated either by threat of punishment or by the selection of 5s on the 
asis of test scores The results arc not consistent, some experiments show- 
, C . efr J cts on mci dental leammg (Silverman, 1954, Silverman 
19SQ? tv, i °, lhC r faillng t0 obtam 1111 effcct (Kausler, Trapp, & Brewer, 
be nrefiirt^i aC . ° consislenc y ls perhaps not surprising since it cannot 
M "i lh <=»<% how the distribution of responses to 

be ,n,iuenced by anxiety m a s,v “ 
mental rnn,™i u ? y ^ responses are brought under expen- 
hlcclv it is thnt'th ^ man, P uIa flon of the onenting task, the more 
of m,CD,,onal aDd k3m,DS 


Functional Relations m Incidental Learnm S 

° nCMl,,S task has ,cd us to 1“ conclusion tha 
Stimulus influences the amn ^ ln ,earnm S but that the instmctioi 

mg the diflcrcnual cu«* n I™ an ^ c ^ araclcnsUc s of learning by detennin 
whi-h occur during th/Lr^rflSi r ' 5p ° nscs ’ “ cllldln S deliberate rehearsal 
elude caicgorizing^rcswmscs such^ 0 ”* d,IIc^cnua, responses in 
elicited by the nems Uuouch naniin S or labeling, other response 

as associative links amon^ih mU S cncr ali 2 ation, and responses senin. 

among the members of a senes It « the frequency am 
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intensity of such responses which are asserted to vary as a function of the 
instruction stimulus, these responses become associated with the experi- 
mental situation and provide the essential cues mediating recall on the test 
of retention Hence, intentional learners surpass incidental learners in the 
amount retained, within the limits imposed by the nature of the materials 


and the orienting task 

Given the assumed effects of the instruction stimulus on the ^ responses 
to the materials during exposure, there is nothing in the available t data to 
suggest any systematic differences between the functional relations w 
characterize intentional and incidental learnmg This rtatemen app .es to 
the influence of such task variables as meamngfulness and 'nlr^t tmffanty 
and to the charactenst.es of recall performance 5, nee much . of the . ex 
penmental work on me, dental learnmg has used the method of free r^ll, 
the conclusion can be made more specific by asserting *= a me set 
principles desenbes free recall after intentional and mcidenud Ie ™“ s 

Meaning/,, I, .err -It has been shown that the number *£“ a S ‘™ 
correctly Z free recall vanes (a) T^r 

and (h) with the frequency of usage cor 

variable probably reducible to the streng ^ # funcUoI1 of length 

related with word frequency) Increases css IS h,gh than 

of hst are disproportionately greater w en 8 learnmg as well The 

when it is low These relationships obtain “ “ d recan IS however, con- 
slope of the functions relating coupons (Post- 

sistently steeper under incidental than J95g p os tman & Phil- 

man, Adams, & Phillips, 1955, Postman incidental and intentional 

hps, 1961) As a resSh, the “ ^o wten U ,s low This 

learners is smaller when meamngfuln o tul j, es just cited but 

pattern of dtfferences ts **££££%££ 1962a) 
in Type II situations as well (Bromer, relationship between 

An important confinnation of the F a “W”™ tudies of rIs recall 
meamngfulness and incidental learning c paired associate training 

It is reasonable to consider R— 8 learrung 8P R _s associa tions are 

as a form of incidental learning o yP® r Feldman & Underwood, 

not part of the task specified by t e mst ^ relatlIlg meam ngfulness 
1957, Jantz & Underwood, 1958) Th Under wood corresponded 

and R — S learning in the study ° u f or , n cidental learning 

exactly to that obtained by the meUmd of free 

(Postman, Adams, & Phillips, 1955) ^ conditions of learning is 

The interaction between meaningful amount of learning depends 

readily deduced from the assumption * made 10 llrn sUfflidM 

on the frequency of effective ddiemnud re^po ^ rcspoasc s from 

hems Items of high meamngfulness are likely 
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intentional and incidental learners alike by virtue of the fact that they are 
well integrated and have high m-value in Noble’s sense Hence, both groups 
should learn such material well As meaningfulness declines, the probability 
of effective differential responses falls off more rapidly under intentional 
than incidental conditions, and the difference in the amounts retained in- 


creases accordingly 

Sequential dependencies and serial order in recall — It is clear that 
incidental learning is selective in the sense that the uninstructed S responds 
to fewer items and fewer features of the learning materials than does the 
instructed S Such selectivity implies that the incidental learner will be less 
scnsiUve to the sequential relations between successive items than will the 


intentional learner Three facts may be cited in support of this conclusion 
(a) In immediate recall, intentional 5s surpass incidental 5s in the recon- 
struction of serial order even when the instructions to the former make no 
reference to the order of the items (Postman, Adams, & Bohm, 1956) 

( ) Increases in recall as a function of the order of approximation to the 
statisUcal structure of English are considerably smaller under incidental 
than under intcnUonal condiUons There are corresponding differences in 
the amounts of sequenUal clustering during the recaU of higher order 
passages (Postman & Adams, 1960) (c) Scnal position curves in free 
recall consistently show a more pronounced finality effect under incidental 
an under mtenuonal conditions (Postman & Phillips, 1954, Postman & 
Adams, 1957, 1960) r 

dcn^nr^ ndin ^ S C . an be su ^ sumctl tinder the generalization that sequential 
tional «,w S t ar -Ti? 1S f n . minated Icss elTccUveI y by incidental than by inten- 
rcflcctcd ^ fa ' lUrC t0 rcs P ond to sequential relationships is m turn 
in the lipht Jr Cr m vdl ich the learned items are emitted in recall Thus, 
absence of t nr ^ ana l ysis of Dccse and Kaufman (1957), the relative 
tial oreanizatinn” 3 ^ c ^ cct,n frec rcca h indicates a low degree of sequen 
strcnl onh C r«n “ °£ r ° f reca " ^"nmed essentially by the sheer 
to English aeain imnlf i C i '! n,ted B ams “ a function of approximauon 
suggest that the lei™ * ° W dcgrcc of sc quenUal organizaUon and also 
suffers^ m rccons,ructin g a fedundant sequence 
quatcly discriminated If h ar “ c ^ crislics of th c scries have not been ade- 
fcrcnccs between intcntm S i° U ,, ^ cm P^ lasi2ed > however, that these dif- 
no. the kind of funcuJal "S" 8 aEa ” “ “ ^ 

cidcntal Vs response tcuhe , f flrn,BS — ° ncc lh c selectivity of the in- 

both similarities and diffcrcnrT^k! matcnals has been taken into account, 
mg rcadd) fall into pUc ' l * Ctn in,cnUonal and incidental learn- 

A few additional examples u .li ■J tcourv ' to s P»-«ai explanatory principles 
giscn to support this general point. 
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The fact of selectivity implies that the incidental learner will acquire not 
only fewer correct responses than the intentional learner but also fewer 
incorrect ones, 1 e , that he will be subject to less interference from stimulus 
and response generalization Consistent with this expectation, intralist 
similarity is less effective under incidental than under intentional conditions, 
and stronger remote associations are developed by the intentional learners 
(Postman & Adams, 1957) The fact that the ‘ isolation effect fails to 
occur under incidental conditions may likewise be attri ute to a re uc 10 
in intrasenal interferences (Postman & Phillips, 1954) 

Increases as a function of the number of presentations occur ess regu 
larly and predictably in incidental than in intentional learning While e 
cant gains have been reported in some studies (G H Bnm, 1954, 
Mechanic, 1962a), only small effects have been observedinotherexper, 
ments (Pitman & Adams, 1958, Saltzman & Atkinson, 1954) It is likely 
that in each case the characteristics of the materials an e ^ Jhe 
the orienting task determine whether new items are respo . ’ _ . By 
responses to old ones are reinforced, on 

contrast, such is invariably the case in instruc e | (Neimark & 

elusions appear to apply to the effects of rate o pr 

Saltzman, 1953, Rosenberg, 1959) . t tn u ot h retro- 

Like intentional learning, incidental learning is J poslman & 

active and proactive inhibition (Gleitman ^ amounts of intcr- 

Adams, 1956a, Prentice, 1943, Rosenberg, thc degree 

ference that are observed can be fully ac f° un e , a a | s0 n0 evidence 
of learning attained under the two con on inC idental learning 

for differential rates of forgetting after “*““”‘^^ 1943. Post- 
when degree of learning is taken into account ( 
man & Phillips, 1961) 


Conclusions 

Except for purposes of convenient reference Jo P ^ reason to maintain 

instruction stimulus is manipulated, t ere incidental learning What 

a conceptual distinction between intentiona stimuli in the expen- 

ls learned depends on the responses e IC1 stimulus represents only 

mental situation Manipulation of the rnstra ^ can bc determined 

one of the many different ways m wW * s J.dental lcarnmg parallels 
Our evaluation of the conceptual s difference between short-term 

the conclusion which we reached a ou . situation do the data seem 
and long term memory la neither area of rave S , lhich apply to 

to justify the formulation of special m the one case along 

only a circumscribed range of phenomcn , 
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the temporal dimension and in the other case by the absence of intent 
Both types of investigation differ in important ways from classical rote 
learning procedures because they are typically concerned with learning and 
retention under mi n i m al conditions of reinforcement Nevertheless, they 
appear to be governed by the same basic principles 


Aborn M 


References 

i Rubenstein H. Information theory and immediate recall. / exp 
Psychol 1952 44,260-266 
Anderson' N S Poststimulus cuing m immediate memory J exp Psychol I960 
60,216-221 7 
Averbach, E. & Coriell, A S Short term memory in vision Bell System Tech J 
1961 60 309 328 

^ U ^9J4^7^7^72 B ^ learning under two incentive conditions J exp Psychol 

Qauricv H P Fitts PM* Rankin R E Effect of incentives upon reactions 
RA^^^r P tv P ^ ^a i SllraUl, J exp P *> cho1 19 52 44 400-406 

r Comparison 0 f anticipation and recall methods of paired associate 
learn ng Psychol Rep 1961 9, 59-65 

E “, E 94 4 mCm0ry Span for m eamngless syllables J Speech Disorders 

ERC wth EffCCl ° f chan K es m the tune variables in memorizing together 
2 PsyTot tCChn ‘ qUe ° f mCm0ry 

““ cLui J»£rsrs3“ , “ m m ' em ° nal “ d “ 

^aSLtei. P ° f cIuslenn g m the recaU of randomly arrajed 

BotsnxS v/ S Fr > cho1 >953 49, 229-240 

Minnesota ^Cont^^ rcv,c y °f a program of research on associative clustering- 

»oumi"w r r ta m v " b “ B ' h * n ° r 1955 

Of clustennz m thi- r,r, 11 * , cffects of reinforcement on the occurrence 

67 *, 8 Q ^ "**“ of ranJoml y arrajed associates / Psychol 1953 36, 

randomly anmscd^nwu !!r V occurT cnte of clustering in the recall of 
195, BUM f ra<fo=nc,« of usage., £ „ PsjrAol 

of nord -cate got - i* Clustcnn g m recall as a function of Ibe number 

boos,,, to '»■' 3 sen Pryc/tol, 1956 54, 95-106 

u* re all of sumultn-aords V J ? , T1le '“""on of Maibcs la» ■» 
bor-srtuo W A. Coma, » Jl ".l ’ e ‘> cho1 >«6 69, 429-133 

Itcall of words of differm, ,,r ™* RSI1 G A. Associative dustenng in the 

1958 4 39—44 taxonomy frequencies of occurrence Psychol Rep 

Bot'snun w a. \\ ..... 

w auocia ne clusienn**/ *, Berxowitz, II Partial response identities 
Bocsmso. w a T ‘ 1960 “• 235 233 

rhe "Mu be effect” m the f rM . . t, E * TUSO ' i > Senal position effects and 
>958 59,235-262. ecU1 of meaningful words. J gen PsychoL 



Short-Term Memory and Incidental Learning 195 

Brener, L R An experimental investigation of memory span J exp Psychol, 
1940,26,467-482 

Broadbent, D E The role of auditory localization in attention and memory span 
/ exp Psychol 1954, 47, 191-196 

Broadbent, D E Successive responses to simultaneous stimuli Quart J exp Psy 
chol 1956, 8, 145-152 

Broadbent, D E Immediate memory and simultaneous stimuli Quart J exp rsy 
chol, 1957,9, 1-11 (a) , 

Broadbent, D E A mechanical model for human attention and immediate mem 
ory Psycho! Rev , 1957, 64, 205-215 (b) _ 

Broadbent, D E. Perception and communication New York Pergamon Pr , 

BroadkIt, D E , i Gregory, M On the recoil of stimuli presented alternately to 
two sense organs Quart J exp Psychol 1961, 13, 103 10 r,,j 

Bromer J A A comparison of incidental and purposeful memory for meaningful 
and nonsense material Amcr J Psychol, 1942, 55, 10 , . « 

Brovvn G H Factors influencing incidental learning J exp Psy 

Brown, J The nature of set to learn and of intra material interferences m unme 
diatc memory Quart J exp Psychol, 1954, , - _ j exp 

Brown, J Some tests of the decay theory of immediate me y Q 

caul's' W sylleb.c fength -d .* -ddory P— ■ - 

ability to reproduce disconnected word lists J exp y 

CauTn.'s W A comparison of abihty to «prodncc « “ d d,E “ ! 

auditorially presented / erp *9'*“' { 3 ^, oa l mom ehan E e in the memory 
Carlson, J B , & Duncan CPA study of “ , 1955> 68 , 280-284 

trace by the method of recognition ' uuon associahve 

Clark, L. L , Lansford T G , & DALEEN ™ fi r 

learning Amer J Psychol 1960 * bascd on syn on>ms J &en Psychol. 

Cofer C N A study of clus ering in free recall 3 

1959, 60, 3-10 comments on the method Amcr 

Coleman, E B Approximations to English 

J Psychol , 1963, 76, 239-248 1957, 179, 831-832 

Conrad, R Decay theory and immediate me y , 1959> 50 , 349-339 

Conrad R Errors of immediate memory Bri rsy Psychol I960, 12, 

Conrad R Very brief delay of immediate recall Quart P 

45-47 (a) m mediate memory Bnt 1 Psychol. I960. 51, 

Conrad, R Serial order intrusions in immediate m 

45 ^ 8 < b) , ^ .heorv of immediate memory Canad / 

Conrad, R, * Hille, B A The decay theory or 

Psychol 1958 12, 1-6 compan son of immediate memory span lor 

Crannell, C W , * Parrish J M P 319,327 

drsrB. letters and words J '^ cW ' !i nlc ™,y of visually percci.ed form 
Crumbaugh, I C Temporal changes in the mem y 

rimer 1 Prjcftol, 1954, 67, 647^658 ^ items. Pr,rM «>?■ 

Deese, J Serial organization in the re 

1957,3,577-582 strength upon immediate free 

Deese, J Influence of inter item associate sir g 

Psychol Rep 1959, 5, 305-312. (a) 



196 


Leo Postman 


Deese, J On the prediction of occurrence of particular verbal intrusions in imme- 
diate recall. 1. exp Psychol, 1959, 58, 17-22 (b) 

Deese, J Frequency of usage and number of words in free recall: The role of as- 
sociation Psychol. Rep , I960, 7, 337-344 

Delse, J. From the isolated verbal unit to connected discourse. In C. N Cofer (Ed ) 
Verbal learning and \erbal behauor. New York* McGraw-HiU, 1961. 

3 ’ 4 Kaufman, R a. Serial effects in recall of unorganized and sequentially 
organized materials J. exp. Psychol, 1957, 54, 180-187. 

51 Statistical theory of distributional phenomena in learning Psychol 

Rev . 1955, 62, 369-377. 

Esies, W. K, Hopkins, B L, a Crotheks, E J. All-or none and conservation ef- 
60, 329-339 eafninS ** ICtCnt,on of P a,rcd associates J. exp. Psychol. I960, 

S * Usdlr wood. B J Stimulus recall following paired associate 
learning. J exp Psychol , 1957, 53, 11-15. 

^'mescn’inhlUf”, ,** ° lemoire ^mediate HI. Lmfluence de la Vitesse de la 

194 5 '« 2 lM2 lem ' nU ' U " a ‘“ re dU prd “°‘ P s >" :1,0,0£ ' q “ C ' 

Fraisse, p.. a Fbik^f d ■ 

F sons L’AnncePsy^t i^^ A l^ Cm01TC L L'apprehension des 

Oma" i'VtSlm g’ 7 , 3 '"! unmed “ ,c memory Nature, 1958, 182, 1163. 

resulunc from rr - , ^ An cx P erunenta l study of the nature of improvement 

592 8 F CUCC m 3 men,al £ ™ct,on. J •due Psychol, 1925, 16, 583- 

*916, I, 393— io3 nem ° niv S ^ 2n £or v “ uaI auditory digits J. exp. Psychol* 

enuaUon to v^baT^r ^rT^ 1 U °? o£ 1116 concepts of generalization and differ* 
Cuison, J. I Thi Psychol Re, , 1940, 47, 196-229 

12, 1-39. F Uon o£ vuual ’y perceived forms. J exp Psychol , 1929, 

^ 1957, 57, E 1116 cffect o£ “tention upon learning. J. gen Psychol , 

incidental learning. rctroacuve inhibition m intenuonal and 

Gonzaeez. R. c. * &S 4 % **%• 957 - 3 * ‘55-160 

of clustering , n f rcc recall j „ P „ atory studies of verbal context by means 

G — • c »i ! 939> 95 > 293 - 32 ° 

*^ 1952^2°^’ A ° “ al> “ ° £ *“* 
Uaert J ... A I Groupin', 




Grouping strategies with simultaneous stimuli. 
2, 1 80-1 Ra 


Gliuoud. j p a n ' . »«*-i84 

4 Dauanbacu. k m Ti, , 

J of constant uimu'i a . Cclcrm,natl on of the memory span by 
2tn,n. , nmer J Pnchnl tQ-»c sc £-,« o 


the method of constant sur^u’i" a Cc,crm,natJ on of tht 
F A " ur > 192S. U, 

S-l« 8,1 o< »orJ fr cqi *„ cy Am ; r j \ 


Hasawalt, N q 


- -_,wv. , JOf 621-628 

frequency Amer J Psychol. 1954, 67, 


H A ^“ , 'l^^-^ 37 .' v hotc So 216 fi ® Ure * m rcca11 recognition. Arch Psy- 

lUa^D * Q ** Pt ) cft °l . I929 t j, 421^430*° f**ctor in retroactive inhibi- 

H,U j ° ° York Wiley, 1949 

rCm4}C 1U ->* *'««« /rrc Aanum^f? “* *** hl£her an unal. In J F. Dela* 
~ anJ Uarn *"S Oxford Blackwell, 1961. 



Short-Term Memory and Incidental Learning 197 

Hebb, D O , * Foord, E N Errors of visual recognition and the nature of the 
trace / exp Psychol, 1945, 35, 335-348 
Horowitz, L M Free recall and ordering of trigrams J exp Psychol 1961, 62, 

51-57 , ... 

Irwin, F. W , * Rovner, H Further study of the method of comparison applied to 
the problem of memory changes J exp Psychol 1937, 21, 533-544 
IRWIN, F W, A Seidenfeld, M A The appl.cat.on o£ the method oj eompatnon 
to the problem of memory change J exp Psychol, 1937. 21, 363 381 
I.NTZ, E M , A UNDERWOOD, B I R S learn, ng as a fnnetton of meamngfulness 
and degree of S R learning 1 exp Psychol . 1958, 56, 174-179 , 

Jenkins, I I , Mink, W D , a Russell, W A Assoc.atwe cluster. ng as a 

of verbal association strength Psychol Rep , 19 , , abnorm 

Jenkins, J J, a Russell, W A Assoc, at.ve clnsttrtng durmg recall J obnorm 

soc Psychol, 1952 47, 818-821 7«_70 

Jacobs, J Experiments in prehension " Mmd 1887, iz, n identical 

Karun, L, & BRENNAN, O Memory for v.sual figures by .he method of .denheal 

SUmul. Amer 1 Psychol . 1957, 70, 248 253 mtent.onal and 

Kausler, D H, a Trapp, E P Mo..vat,o„ and ' '$*’*** 

incidental learning Psychol Rev, 1 » Intentlon al and incidental learning 

Kausler, D H , Trapp, E P , 4 Brewer CL ^entmnatj ^ ^ 4SWJJ 
under high and low emotional drive ^L joXt 1 ^ c!lo! ,951 ' 42> 
Kay, H , 4 Poulton E C Anticipation in memorizing 

Kennedy, T W The role of sum lardy » — — ** ' 

N Y 1941, 37, Whole No 260 ^ m sh[>rt ,„ m retention of 

Keppel, G , a Underwood B I , 153-161 

suiglc items J Serb Learn serb ea ' Harcourt, Brace 1935 

Koffka, K Principles 0/ Gelta" W**® * Vorgangen im Spnrenfeld II Zur 
Kohler, W , a von Restorfp, H Analyse «J> f, 56 112 

Theone der Reprodukuon Psychol rf avc „g s storage load J exp 

Lloyd, K E Short term retention as a 

Psychol, 1961, 62, 632 retention as a function o 

Lloyd. K E , Red., L S, a Feallock, B Start 40 , 201-207 

d.e average number of „em. presented J«p^ aKs ; ,„j um Serb 

Lockhead G R Methods of presenti e P 

Behav. 1962,1,62-65 hypothesis of autonomous memory 

. - — — 


change j exp Pey «■ g j „ emoiy span for , 

“Tuppl Psychol , 1934, t0 ’ 773 “ 7 , 8 ^„„, J New York Longmans, Green 

McGeoch, I A The psychology of w , 1959, 

M 1942 ™ J F paced mentor, ztng ,n a conunuous task exp 

Mackworth j r raceu dunne search 

58, 206-211 p Remembering advance cues during 

-U^ y 9 50,207-222^ ^ spa „ ^ -* 

Marks, MR,* Jack, 298-300 oan /fmer J P*}~ 

rials Amer J Psychol 1952 65, - memory span 

M«nN,P »,.F».*b sw 
chol 1929,41,91-94 



198 


Leo Postman 


Mathews R Recall as a function of number of classificatory categories. / exp 
Psychol 1954 47,241-247 

Mechanic, A The distribution of recalled items in intentional and incidental learn 
ing. ] exp Psychol 1962, 63, 593-600 (a) 

Mechanic, A. Effects of orienting task, practice, and incentive on simultaneous in 
cidental and intentional learning. / exp Psychol, 1962, 64, 393-399 (b) 

Meltov, A. W & Irwin, J McQ The influence of degree of interpolated learning 
on retroactive inhibition and the overt transfer of specific responses. Amer / 
Psychol 1940 53, 173-203 

Melton A. W * von Lackum, W J Retroactive and proactive inhibition in re 
tention Evidence for a two-factor theory of retroactive inhibition Amer 7 
Psychol 1941,54,157-173 

Meiraux, r. w Auditory memory span for speech sounds J Speech Disorders 
1944 9,31-38 

Miller, G A The magical number seven plus or minus two Some limits on our 
capacity for processing information Psychol Rev 1956, 63, 81-97 
485-491* Frcc rccaU of redundant strings of letters J exp Psychol, 1958,56, 


Miller, G A * Selfridge, J A. Verbal context and the recall of meaningful ma 
tenal Amer J Psychol 1950 63, 176-185 
OR rL , f^^nts filter theory Postulate H and the problem of switching time 
Uuart J exp Psychol, I960, 12,214-220 

LU 1915 , ‘>6 217 E ^^ niaental StUdieS m recaU ^ rec °g nitloa - Amer J Psychol 

v P " t Ejp.7imen.ells Bettrage zttr Lchre tom Gedaclit 

„ “ z n>'W 1900 Etbd. 1 1-300 

lJ *l960 - 6J,2!2-234 I,,e "“"Eon of unrelated worts. I exp Pxychol, 

MLR 6l£25 B TbC " KoU '“ 1 o[ mdividual , terns J cx p Pathol, 1961 67. 

A ilUjy “ " a<lcnta l memory Arch Psychol N Y 1913, i, Whole 
rates of siimnW**'* 1 ' 1 3 Intentional and incidental learning Stull different 

j tr ' p ^ ho '- 1,53 6, ^ 2 ‘ 

poral position nf , , Retroactive inhibition as a function of the tern- 


l>W l»£.“.”g£“ 0 , Of “* 


1956, 51, 149-154 


‘attention” and memory 


PtATiiAN J g 4 Locke, n \i q, , 

Arch Psychol V Y m, ^ methodology of the digit span test. 

Errusot- L R. W-- “• 167 

Mui grave (Eds.) 


Eetlxson I R lml.f . lV> * "bole No 167 

Mui grave (Eds.) j « D-ta and theory In C N Cofer 3: B S- 
York McGraw Hill 196) p„ “"f lecrn,n S Problems and processes Nc* 

Pm “7 L R.. , if ? 3 5r 3 ” 

7 exp Psychol t9S9 s* iov tcrm rctcn hon of individual verbal items. 

Priritsos L R * PcrxjtvTs ? 198 

retenuon. Amer J p^ehnl * , e3ect of s P acm S repetitions on short term 

Pm, v,s L R M j 19 “, 1S> 450 Abstract) 

Ptnw ' nt ' t Ctt ’ uJ J Psychol 1961 UXSUt, Sh ° rt letm rctinUoa and meaninS 

W S L R- SaLTZAU* D Hi, , vrt. V 

*e pa-red asxsu^ leanuc- i o' ^ * Land V Reccrcy and freqamcY 
7 exp Psychol 1962, 63, 396-h03 



Short-Term Memory and Incidental Learning 


199 


Pillsbury, W B , & Sylvester, A Retroactive and proactive inhibition in immedi 
ate memory 7 exp Psychol, 1940, 27, 532-545 
Pollack, I Assimilation of sequentially encoded information Amer 7 Psychol , 
1953, 66, 421-435 

Pollack, l, Johnson, L B, & Knaff, P R Running memory span 7 exp Psy- 
chol, 1959,57, 137-146 

Porter, E H , Jr The influences of delayed instructions to learn upon human per 
formance J exp Psychol, 1938, 23, 633-640 „ 

Postman, L Repetition and paired associate learning Amer J Psychol, iyo , , 

Postman, L The temporal course of proactive inhibition for serial lists J exp Psy- 
chol 1962, 63, 361-369 (b) . . . 

Postman, L Transfer of training as a function of experimental paradigm 

gree of first list learning 7 verb Learn verb Behav , ,1962 1, WMWjc) 
Postman, L , & Adams P A Studies in incidental learning III Intcrsenal interfer 
ence 7 exp Psychol 1956, 51, 323-328 (a) mi ction 0 f 

Postman, L , I Adams, P A Studies .» • nc. denial torm-s "The 

orienting tasks and stimulus materials / exp Psychol, 195 , ■ | 

Postman, L , * Adams, P A Studies in incidental learning VI Intrascal inter 

ference 7 exp Psychol, 1957, 54, 153-167 vil Effects Of fre 

Postman, L, & Adams, P A Studies in incidental leaning VII 1 Eff^ 

quency of exercise and length of list 7 v ’ in Thc e ff ec ts of 

Postman, L, * Adams, P A Studies m madenial torn*™ 

contextual determinauon 7 exp Psychol 19 ’j 5 d , j eafnin g V Re 

Postman, L, Adams PA,* Bohm, A M Studies in rnc ae 5,^334.342 

call for order andassociaUve^luMenng / ^ ld6nU i learning II 

“ek,forrsso^va™^eme,hodof.e S .m S / rap Psycho,. 

POSTAL 9 : ilL, R Retroactive inhrbition and psychophysical .udgmenh - 

1 Psychol 1947,60,367-377 learning I He effects of 

Postman, L., 4 Phillips, L W Studies m i Jg _ 56 

crowding and isnlation 1 "P ^7 'mcdcntal learning IX A companion 

"“TSeUc 1M1 '“' 236 ' 

POS “I, L, A Riley, d A n*- - *£?*££* " 

P0STM°AN° L TSnS! V L Incidental l.a^mg and generah.y of S=L rap 

p^ 

Pratt, C C The time-error m psychophysical j g 

45, 292-297 , „ ,936, 43, S3 93 . , 1 

Pratt, C C The law of disuse Ppychol B*. mou ,auon of learning Ama 
Prentxoe, W C H Retroactive whibiuon and 

Psychol, 1943,56,283-292 Riurr , Psychol 1936, 

RAPPEL G Two determinants of the effects 01 P 

48,654-657 R » hawlins, VV F Short term 

Reu, L S, Lloyd. K E ■ 5 Ld a nd average load reducuon. 7 cap Pay 

as a function of average storage u> 
chol 1961,62,518-522 



200 


Leo Postman 


Rilly D A Memory for form In L Postman (Ed ), Psychology in the making 
New York Knopf, 1962 

Roris'os, E S The "similarity factor in retroaction Amer J Psycho! , 1927, 39, 
297-312 7 

Rock, I The role of repetition in associative learning Amcr J Psycho! , 1957, 70, 
186-193 b 

Roiirer, j H Factors influencing the occurrence of reminiscence Attempted formal 
rehearsal during the interpolated period J exp Psycho! , 1949, 39, 484-491 
Rosenberg, S Exposure interval in incidental learning Psychol Rep, 1959, 5, 675 
OSE J. 8 “f' S Retroactive inhibition in incidental learning. Amer J Psychol, 1961, 
/•#, 283—286 

Rothkopf, E 2,a Coke, E U The prediction of free recall from word association 
measures J exp Psychol, 1961, 62, 433-138 
u iENSTi.iv, H , Sc Aborn, \f Immediate recall as a function of degree of organi 
Rl 0n “ d . ,en 8* of s,ud y Period J exp Psychol, 1954, 48, 146-152 

v . » ' n ll ' kthS ’ * * Assoaative clustering and response rank m the 

Salt ° NR Tedl ^> No 2. University of Minnesota, 1952. 
Psychol 1953 66°593 ll 597 tai,k ,ncidental and intentional learning- Amer / 

“uni / ; „, Co TP ariSO I fU ° f ‘""d 60131 and intentional learning with different 
Sal^s" n T 8 1 Ps > Cb ° 1 ' * 956 ’ 69 « 274-277 

rng after difTerPT^ 1 *' 50 ^' ^ L Com P arison of ncidental and intentional learn 
61.S2U5 U " amer ! Pr,M , 1954, 

J " c?c.; Ef l 95*8 °7 l' < 56a^57V co “"“ !1 u P on of '«bal passages Amer 

1923, m InCldCnU1 mCm0Ty * rcft Ps > cltot iV Y " 

approaching a sKadylSe T'.,'’ 01 ‘"formal, on under conditions 

Stuxaust,. R.I Ar^ctv Tl \L L F, ] cM ■ 196 ‘- «• *>2-222 

49, 538-542 mode of response J abnorm soc Psycho 1 , 1954, 

SILVERS! AN, R. £ * BLITZ. It I 

Pxycho! 1956,52,301-303 1011118 and two ^nds °f anxiety J abnorm soc 

tfonogr, I960 74 t \^j l '°j“ a J adab,c ,n bn ef visual presentations. Psychol 

1L M, tc Underwood, B J Mir»d 

1 exp Prychol 1959 «o j,. ... ut(1 vs * unmixed lists m transfer studies 
UNDERWOOD B J Th [j 1 ® 

toe inhibition Psychol * UCCC ^!'’® interpolations on retroactive and proac 
Undlrwocd £ j m .. ... 

learning J txp Pt<,chol 1949 i<j ,, , a fuacUon of Hmc and degree of prior 
^t**.00D B I Stimulus i 4-34 . . . 


Underwood b i si.m.T’ *7' J,( **-34 

« (Eds.) l rrhlr't'w” “ ’'““‘"S' '■ C » Cofcr 4 B 

^tcGraw ||i]| iq^j p 3j_,g earning Problems and processes New 


ion 'icGrass u,jj j 9fi , p - —'*« rrootems ami processes 

underwood B j Decree of “ 

Learn % f ,b Bchav K w °J“ rn ‘ ns ^ *** measurement of forgetting. J xero 

Undikuq^j B ‘ 

learricg dtnrr J Ptythol 19«* 'Tft , G ,tcm selection m paired associate 

Underwood b 1. Renqu„ Iv” 3 *” 1 

ltU ’ R- W Response learning in paired 



201 


Short-Term Memory and Incidental Learning 

associate lists as a function of intrahst similarity J exp Psychol, 1959, 58, 
70-78 

Underwood, B J, & Schulz, R W Meaningfulness and \erbal learning Philadel 
phia Lippmcott, 1960 

Wauch, N C Serial position and the memory span Amer J Psychol, 1960, 73, 
68-79 

Waugh, N C Free versus serial recall J exp Psychol, 1961, 62, 496-502 
Welch, G B , a Burnett, C T Is primacy a factor m association formation 
Amer J Psychol , 1924, 35, 396-401 
Woodworth, R S Experimental psychology New York Holt 
Wulf, F Uber die Veranderung von Vorstellungen Psychol Forsch , , 


Yntema, D B , 4 Mueser, G E Remembering the present state of a number of 
variables / exp Psychol 1960, 60, 18-22 , m „ nv 

Yntema, D B , a Mueser, G E Keeping track of variables that have few or many 

states / exp Psychol , 1962, 63, 391—395 . i„«,f a tion of the 

Young, C W , & Supa, M Mnemonic inhibition as a factor in the I 

memory span Amer J Psycho! 1941, 54, 546-552 re 

Zangwill, O L An investigation of the relationship between 

producing and rekogmzmg s.mple figures Bn, J Ps>cM , 1911. 11, 



Beliaui'oral Effects of Instruction to Learn-. 

COMMENTS ON PROFESSOR POSTMAN’S PAPER 

JAMES DEESE 

The Johns Hopkins University 


Postman s review and analysis of the two topics of short-term memory 
and incidental learning are remarkably complete and detailed Indeed, a 
first reaction upon reading the chapter is that there is little more worth 
sajing One can find only a few minor issues about which to quarrel, and 
it is difficult to find anything to which to object m the general conclusions 
reached by Postman Therefore, the major portion of these comments is 
directed toward bringing the work reviewed by Postman together in a 
s ightly different way While such comments probably serve to add little 
to the substance of Postman’s chapter, it may help to bring out more 
strongly some of the implications of his analysis 
Postman approaches incidental learning through short term memory 
I shall reverse the order and approach the problems of short-term mem- 
y ' vay oE questions raised in the study of incidental learning 
Although Postman finds empirical grounds for relating these topics, he 

V u, make dcar ODe m V hc ™ oa of his analysis of incidental 
learning for problems in the study of short term memory 
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through stimulus generalization, and responses serving as associative links 
among the members of a series It is the frequency and intensity of such 
responses which are asserted to vary as a function of the instruction 

stimulus” (pp 190-191) 

Here Postman states the basis of the difference between incidental and 
intentional learning and describes the conditions responsible for the ob 
tamed experimental differences produced by varying the instructions to 
learning I think, however, we may simplify Postman s description of the 
differential responses aroused during learning m order to state those that 
are most essential There is a class of responses which is basic, not so 
much because it is important in describing the experimentally obtained 
differences, but because, in theory, it defines the occasion for learning 
aud thus provides opportunity for the alteration in the behavior of a 
subject when he is exposed to material after parucular instructions 

Under both incidental and intentional conditions Ss are exposed to 
a set of materials In most of the studies described by Postman, the mate- 
rials are quite familiar to the S (words, letters, numbers, etc ) The task 
of 5 is to emit these materials m some prescribed order in the absence 
of direct cues 

The experimenter insures, to the best of his ability to design an ex- 
periment, that Ss under both incidental and intentional conditions percene 
the material exposed to them That is to say, the experiment produces a 
set of conditions which almost certainly demand that Ss react to the 
critically discriminate aspects of the material presented If he does not, 
the comparison between incidental and intentional conditions is con- 
taminated by a difference in the amount of information taken in by the 
Ss Even when the experimental comparisons are carefully controlled, 
however, as the literature shows with almost complete if not with com- 
plete unanimity, Ss do not recall material as well under incidental as 
under intentional instructions 

Under intentional conditions Ss are instructed, m one way or another, 
to learn The major problem in the analysis of incidental learning is not 
m the conditions of incidental learning per sc but w determining what 
alterations in behavior are induced by the formal instructions to lcam 
something It is to this problem that I wish to address an hypothesis 
The hypothesis to be stated here is a rather naive one, it is simple 
enough to be almost certainly wrong, if it is taken as a statement of the 
only condition produced by instructions to learn It may, hov>c\er, be the 
most important condition and the one that is critical to the differences 
between intentional and incidental learning 
The hypothesis may be stated as follows Instructions to learn (or to 
memorize) produce a set to emit “representational * responses to the 
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material presented These representational responses are responsible for 
the encoding of the presented material The term representational response 
I have borrowed from Bousfield He uses it to describe responses made 
to verbal materials that are identical in linguistic form to the materials 
themselves The concept has been used by Bousfield, by Cofer, and by 
others in the description of certain relations among free associations 
Bousfield has limited the representational response to verbal stimuli 
and responses, and he has assumed that it is always identical, in form, 
to the presented stimulus As such, however, the representational response 
is a special case, and the general case is any identifying response that 
serves to encode presented material, whether that material is verbal or 
not 

The identifying code for a linguistic stimulus is, by definition, identical 
in form to that stimulus The code for a picture or an abstract form, of 
course, is not Nevertheless, a verbal code for such a stimulus may serve 
as a device for remembering the salient features of the stimulus, and, if 
needed, it may provide for the reconstruction of the general appearance 
of the sumulus Rather than imply, however, that every identifying re- 
sponse is a name for something, I would prefer Bousfield s neutral and 
descriptive term, representational response 

Representational responses may be cither overt or implicit, if they are 
implicit they are unarticulatcd phonemic equivalences of some potentially 
overt response, and, as such, bear some simple direct relation to visually 
or aurally presented matcnal They are not merely visual or auditory 
stimulus traces, however, a point that is important m considering some of 
the problems of short-term memory 

Instructions to learn, then, produce appropriate representational re- 
sponses during presentation of matcnal, conditions of incidental learning 
must also produce some such responses, but these arc fewer m number 
The greater frequency of representational responses dunng intentional 
learning provides one, perhaps the essential, difference between perform- 
ance under incidental learning and intentional learning Another is provided 
by the rehearsal of responses dunng the absence of stimulus presentation, 
hulc or no such rehearsal is likely to occur for conditions of incidental 
learning, esen when appropriate representational responses are made 
dunng presentation 

The hypothesis of representational responding leads to some apparent 
diiliculuts with the experimental literature There arc a few (and to my 
knowledge only a few) experiments in incidental learning in which sub- 
jects arc forced to make o\ert identifying responses under conditions of 
incidental learning These studies (Jenkins, 1933, Brown, 1954, Postman 
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& Phillips, 1954) uniformly show the expected superiority of intentional 
conditions 

I would like to be able to say that these studies uniformly show a very 
high level of performance under incidental conditions, even though it is 
not quite so high as that under intentional conditions So much would be 
consistent with the supposed importance of representational responding, 
since intentional learning would produce some implicit responding (re 
hearsal) not present under incidental conditions I would also suspect that 
what differences there were between incidental and intentional learning 
would be greatest after earlier stages of practice or presentation Such a 
result would be a consequence of supposing that learning the members of 
the respones set, irrespective of order or position, would place the greatest 
advantage upon differences jn frequencies of emission of representational 
responding 

In a similar vein, an experiment modelled after that of Postman and 
Adams (1960) should produce the smallest possible difference between 
incidental and intentional conditions In the first of the two experiments 
described by these authors, material was presented to 5s for immediate 
free recall The matenal consisted of selected orders of approximation to 
English from the Miller-Selfndge lists The 5s under incidental instruc- 
tions were given a rating cover task, while the intentional 5s were instructed 
to remember the matenal As expected, there was a difference for all 
orders of approximation The difference was a function of orders of ap 
proximation and roughly a constant proportion of total recall 

Suppose, however, that this experiment had been conducted on the 
model of the Jenkins (1933) expenment Suppose that the cover task 
for the incidental learners required the emission of overt representational 
responses at the same rate and under the same conditions (save for the 
instructions to remember) as for the mtenuonal learners If so, the pattern 
and extent of representational responses should be very nearly the same 
under the two condiUons There would be no anticipatory set induced by 
the typical role learning technique, and if the conditions of pacing were 
right there would be little or no opportunity for differences in rehearsal 
Therefore, the representational responding hypothesis would lead one to 
suppose that there would be very nearly equal recall for intentional and 
incidental instructions 

If provision is made for more or less equal representational responding, 
there should be no difference in the ability of 5s to use pre-existing associa- 
tive linkages There is strong evidence, in some of the literature reviewed 
by Postman m his analysis of short term memory, that deliberate instruc- 
tions to use these pre existing linkages docs not increase the extent to 
which they are actually used by 5s 
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The review presented by Postman makes almost no mention of any 
possible direct effects of motivation m the differences between the condi- 
tions of incidental and mtentional learning Such an omission is the result 
of the emphasis he places on the nature of the responses elicited by the 
instructions given to 5s Furthermore, the empirical evidence shows very 
little in the way of effects which can be said to be the direct result of 
changes in incentive conditions Postman’s analysis of the experiments by 
Bah nek (1954) and Mechanic (1962) shows what effects exist to be 
the correlates of the pattern of responding introduced by differences m 
instruction Such a view can very easily be extended to the experiments 
by Johnson and Thomson (1962). 

Postman’s conclusion leads to the implication, supported by the analysis 
of many problems in human learning, including both incidental learning 
and short-term memory, that variables are effective in controlling the 
amount and rate of learning to the extent that they control the distribu- 
tion and frequency of appropriate responses to the stimulus materia! 
Therefore, as Postman asserts m his conclusion, we do not need to appeal 
to special principles of intent or motivation or incentive value to describe 
the differences between mtentional and incidental learning Learning will 
take place to the extent that it is possible to induce 5s to emit the appro- 
priate responses There is undoubtedly an implication here for those who 
design programs for machine teaching 

The Stimulus Trace and Short-Term Memory 

Before we turn to the role of the representational response in short- 
term memory, a word needs to be said about the concept of the stimulus 
trace I detect, in Postman’s chapter, a sense of discomfort with the idea 
of the stimulus trace It is very easy to share Postman’s uneasiness, for 
the concept leads to hopelessly difficult experimental problems Postman’s 
summary oi the experimental literature shows that it is extremely difficult 
to find evidence for the existence of a “pure” stimulus trace that — to use 
the phrase from Gestalt theory — has autochthonous properties Yet, the 
recent experiments by Sperling (1960) and Averbach and Concll (1961) 
present very strong evidence for sensory storage over very brief intervals 
of time The sensory storage sjstcm provides opportunity to hold perceived 
events until “processed’ (presumably responding, overtly or implicitly), 
but these traces arc not wiped out by the events in processing Instead, 
the data from the Averbach and Concll expenments suggest that they arc 
Wiped out by succeeding input into the same sensory channel 

Here is an opportunity for some disconunuity between the traditional 
conditions of long term retention and the data on short term retention 
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If the interval is short enough, traces may be wiped out, not by competing 
response systems, but by additional input of information These events^ 
if we are to judge from the available data, are very short, but it is at least 
conceivable that they could extend over several seconds, which is the 
order of duration of some of the events studied in short term memory 

Nevertheless, Postman’s analysis makes it abundantly evident that the 
familiar effects in response interference must play an important role in 
short term memory, even for single presented items The extent to which 
such short term memory is also under the influence of autochthonous trace 
processes is still an open question 

Beyond very short stimulus trace effects, however, short term memory 
must, in part at least, depend upon representational responding Such 
responding, however, may, in most instances, also produce some strength 
for items which are available for proactive and retroactive interference 
Proactive interference will occur when there are no cue conditions which 
differentiate occasions for the emission of one or another response In 
most, if not all short term memory experiments, such differential cue con- 
ditions are minimal, since contextual effects from item to item are likely 
to be similar, and usually there is high intentem generalization Therefore, 
a very small amount of material may provide a source for proactive inter- 
ference To such proactive interference may be added extra experimental 
sources of interference, though these may be less strong in short term 
memory experiments because of strong contextual boundaries 

When redundancy is present, of course, recall may produce items which 
were not responded to during presentation Depending upon the amount 
and distribution of the redundancy, these items may greatly enhance 
obtained recall It is such an effect which is responsible for the influence 
of intentem associations, category membership and sequential depen- 
dencies upon the measures of recall, and, because such conditions do not 
depend upon emitting what was responded to during presentation but 
emitting responses correlated with these, Asch and Ebenholtz ( 1962) do 
not consider such effects to be influences upon memory Nevertheless, if 
the constant memory span or “chunking” hypothesis is correct (and this 
seems to be a more attractive notion all the time, cf Waugh, 1962), such 
effects must be responsible for nearly all, if not all, variations in amount 
recalled produced by vanauons in presented material 

In any event. Postman’s review shows convincing evidence that the 
retention of material, particularly verbal material, over short intervals of 
time is strongly under the influence of the amount and nature of responses 
available to an individual at that ume Both interference effects and en- 
hancement of recall may be seen to be the result of the same process, 
responses which are either chained to responses learned by the S or 
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elicited by the contextual stimuli of the memory testing situation Whether 
these effects are superimposed upon a changing trace or not is, as Postman 
points out, almost impossib’e to say from present techniques (the promise 
provided for very short traces by the experiments of Sperling and of 
Averbach and Conell aside) The importance of these responses both for 
forgctung and for enhancement of recall, as in intentem association, brings 
the variables of short term memory squarely face to face with those of 
the incidental learning experiments The major effects in both lands of 
experiments are the result of the distribution of responses available to the 
S at the time of testing The experiments differ chiefly m the way in which 
the availability of responses is systematically varied 
The two types of experiments also raise interesting questions about 
the nature of any supposed stimulus trace To the extent that some en- 
coding or something hke the representational response is not absolutely 
necessary to immediate recall, the differences between incidental and in- 
tentional conditions should be reduced Indeed, these differences should 


almost disappear in a recognition test of memory, if recognition memory 
can be based upon a pure stimulus trace 
The question of rccogmuon memory is difficult, for the study of recog 
nition is full of methodological pitfalls The important study of Shepard 
and Teghtsooman (1961) shows remarkable levels of correct recognition 
following the presentation of very long intervening senes Recognition is 
much more sensitive than recall for both short- and long term memory, a 
fact which, perhaps, may encourage those convinced of the reality of a 
stimulus trace If we suppose that there is an absence of the pure effect 
of intent or motivation in incidental learning, the only possible source of dif 
fcrenccs between incidental and mtcntionafleaming is m the encoding of in 
formation (or the representational response, to be more specific) There- 
orc, we should expect that the sumulus trace under incidental conditions, 
particularly in Postman s Type II experiment, ought not to produce results 
very different from what it would under intentional cond.uons In a care 
u ly and properly designed experimental comparison of incidental and 
100 car ^ m £ one ought to minimize the differences between these 
wndmons by the use of a rccogmuon test of memory Such a result would 

mtrir U ?f nS thC SC3rCh f0f thc cfIccts a P^e stimulus trace 
w both short and long term memory experiments 
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shaped by theoretical preconceptions An attempt will be made to tease 
out significant characteristics of these approaches so that some overview, 
althouah no doubt an incomplete one, will be offered of the current scene 
of research and theory m the field of classificatory behavior. Finally, the 
problems of conceptual behavior will be systematized m terms of stimulus- 
response language For the most part this analysis will be concerned not 
with criticism but with clarification, not with truth but with meaning 


Models of Concepts 


Typically, models of behavior have been extended to concept learning 
As a result there is often a greater interest in demonstrating how concept 
learning is like something else than it is like itself There is, of course, 
nothing wrong in approaching a research area with certain preconceptions, 
or what may be more appropriately called a model (Lachman, 1960) 
Such biases — and they are biases — sometimes lead to important theoreti- 
cal generalizations (not to menuon the comfort they can provide during 
lengthy periods of ignorance) But unul the models pay off, it should be 
remembered that they are neither demanded by, nor an outgrowth of, the 
data These preconcepUons are brought m from the outside Researchers 
must guard against the tendency to be overconcemed with demonstrating 
the appropriateness of the model at the expense of coping with problems, 
both empirical and thcoreUcal, that characterize the behavior that is being 
lnvcsU gated 

The possible prejudicial effects of pretheoretical models are sometimes 
minimized because of the prevailing conviction that they can always be 
disentangled from empirical results Although the wnter has no desire to 
enter the debate about whether ideally scientific language can be divided 
nicely and neatly into a theoretical and empirical component (Hanson, 
1958), he does wish to emphasize that it is often far more difficult than 
scientists like to believe Theories and models often persist simply be- 
cause they arc impregnated with facts As long as the facts stand, the 
theory and model survive These comments, it should be understood, are 
not directed at attacking the use of prethcorclical models, instead a warn- 
ing is being issued against their possible misuse 


S — R Conceptions of Concepts 

The initial sortie into the realm of models of concept learning will be 
in the direction of S R — ° 


conccpuons There are two reasons for this choice 


Tlic fra u that S— R conccpuons hose probably influenced more workers 
in the field of concept learning than any other view Second, they servo 
as a fra-ne of reference to explicate and analyze other formulations 
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S-R models emerge from three different orienting attitudes (1) Be- 
havior can be represented m terms of S-R associations, (2) ^the thence 
of behavior is investigated best with a sophisticated behavioristic methodo 
logical orientation, and (3) S-R theories of behavior of simple ph““ 
such as conditioning and discrimination learning are fruitful sources of 

models for more complex behavior n fwd 

While no detailed analysis of these three compoHents will be offered 
at present, it wtll be helpful to refer to certain points, P”*‘ c f f 
non to the meaning of stimulus-response assoc, alienism as langu g 

Sy The essence" of^stimuliis-resjwns^anguage rs contained ,n the S-R 

pai^gm Tccoriingly, there £ three important charaehirist.es of be- 
havioral events These are the stimulus or s unu r, sim plest level 

sponses, and the association (the—) between t whic P h m ca n 

possible this means that these terribly comp e P of stimu lus re- 

beliavior can be represented advantageous y be described by specifying 
sponse associatiomsm Behaviors il eve i component of the 

some features of the environmeo (stimulm) ’“X bet wcen the two 
total behavior pattern (response), a , response language has 

Much of the confusion system with theoreii- 

rcsultcd from overburdening the d '“" P nce j not be committed to any 
cal properties Stimulus r cs P° ns ® *** ® e d „ be committed to any 
physiological conception of be avi , , 1932) between a stim- 

view of how a funcuonal rela.,onsh,p (Robmson l9 „ a way 

ulus-response association is f abl f^ 

—and not the only way— of describing . h behavioristic meth- 

When this S-R language system « “ mb ' ne c “ ™“ nzcd a s phys.cahs.ic, 
odological orientation, which can e su y ^ ^ ^ surpr , 5 , n g that early 

operauonal, and “P e ™="‘ to teir bosoms conditioning procedures and 

(Hllgard & Marquis, 1940) hke condiUorung of , h c conditioning 

The first and perhaps the most important exte (1927), n 

model was to the Jhn of <h— ™ d 'ZZs phenomenon could 
his investigations of * Sercn “ a - ’ combin cd operauon of cxcitauo 
be explained as resultmg r t m shaping the history o P 

internal inhibition But more unpo ^ o( disennr not on 

chology of learning was Spence o( lhc vlc w that condoning 

learning Conceptually tt was a cxtl nc.,on) were operaung 
processes (conditioning, generalization. 
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discrimination learning It, in turn, extended this conditioning generaliza- 
tion-extinction model to new empirical realms It may not appear much 
of a leap from Pavlov s differentiation to Spence’s discrimination Never- 
theless, it proved sizable, as witnessed by the numerous problems and 
controversies it generated 

Perhaps the major effect of taking this apparently small step from con- 
ditioning to discrimination learning was the lessening of the control by 
the experimenter over the subject’s (^s) reception of die critical stimulus 
In classical conditioning the S’ s behavior is so restricted and the environ- 
ment is so unchanging that the presentation of the conditioned (positive) 
or differentiated (negative) stimulus practically guarantees stimulus recep- 
tion In contrast, in the typical discrimination problem conventionally 
used with rats, the S is moving constantly about and the critical stimulus 
does not occupy such a perceptually dominant position m the S’s environ- 
ment In addition there are two critical stimuli to which the organism must 
respond This usually complicates the stimulus reception process by creat- 
ing special problems of stimulus patterning and receptor orienting re- 
sponses 

The differences between conditioned differentiation and discrimination 


learning can be reduced by arranging the discrimination apparatus to 
minimize problems of stimulus reception (e g , use black and white alleys 
m which no matter what the animal does, except closing his eyes, he will 
see black or white) The use of a successive discrimination problem in- 
stead of a simultaneous one also has the effect of making the discrimination 
problem more similar to the differentiation one 

It can be argued that it is neither necessary nor desirable to try to in- 
vestigate discrimination learning in an experimental situation arranged so 
that it resembles the classically conditioned differenuation If, however, one 
is particularly interested m extending the conditioning generalization-ex- 
tinction model, there are obvious strategic advantages in initially selecting 
discrimination problems that appear similar to classical conditioning 

The relationship between conditioning and discrimination learning, how- 
ever, was not perceived only in terms of research strategy It was also 
considered in terms of basic theoretical issues With the help of sharp pens 
and thin skins theoretical discussions produced arguments and acrimony, 
disagreements and distortions confusions and confabulations An Olym- 
pian sage looking at these controversies m the tolerant light of history, 
might conclude they revolved about two related problem areas (I) 
whether the principles of conditioning generalization, and exunction could 
support a general theory of discrimination learning, and (T) whether 
iruepcndcnt empirical stimulus variables could potentially be coordinated 
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io the independent theoretical stimulus variable of any S— R theory (Koch, 

19 In ’analyzing the first problem it is helpful to view the cM 
generalization extinction model in both a weak and strong 
Lk form it is very hide more 

phenomena expressed in terms of S R assoc lpirnmp to 

nation between two features of the environment ^uhs from km^ng o 
respond to die positive one and elimmaung 

respond to the negative one The strong form . , hc stimu i, 

ones specifies important additional P r °P““ s ^ remforang mechanisms 
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tion, the manner in which one habit g considered as end points 

The weak and strong forms of ^the e °^ a “ mte obvioU sly contemporary 
on a dimension of theoretical deve p bu , cqually obviously, 
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within the limited scope of conditioning phenomena, it is easy to see bow 
it is possible to conclude mistakenly that the problem is nonexistent 
When one leases the security of conditioning and enters the uncertainty 
of discrimination learning, it becomes apparent that some special mecha- 
nisms are required to select out the appropriate stimulus Such concepts as 
receptor orienting or observing responses, attention, stimulus patterning, 
and response produced cues all function as selective associative mecha 


msms 

In experimental situations in which the relevant sumuli do not “sur- 
round ’ the S, he must first learn to make appropriate receptor orienting 
acts (c g , Ehrcnfrcund, 1948) The problem of attention is brought home 
in the physiological work (Hernandez Peon, Schcrrer, & Jouvet, 1956) 
showing that a distinctive and obvious sound can be prevented from elicit- 
ing neural impulses in the auditory nerve when the organism is attending 
to something else Since Pavlov (1927) it has been recognized that all 
elements of a stimulus compound arc not equally important in associative 
formauon Whether an cxplanauon of stimulus patterning can be deduced 
from fundamental conditioning principles as Hull (1943) had hoped, or 
whether it depends on independent perceptual principles as Lashley 
(1938) and Krcchcvsky (1938) indicated, or whether a learning per- 
ceptual orientation can be combined as Dodwcll (1961) suggests, is at 
present a moot question But it is quite clear that the stimulus patterning 
problem must be solved if the S — R discrimination theory is to become 
stronger ” 

The final line of evidence that focuses attenUon upon the problem of 
defining a stimulus is the one that will concern us most It has to do with 


defining the stimulus situation in terms of the cues resulting from responses, 
b°th explicit and implicit, of ihc organism There has been a definite trend 
in many S R theories (e g , Spence 1956) for large parts of the environ- 
ment to which the S is responding to be introjcctcd into the organism 
Historically this trend bears some relationship to Gestalt psychologists’ 
distincuon (eg, Koflkj 1935) between the behavioral (psychological) 
and geographical (physical) environments a distinction that was offered 
to illustrate the right and wrong way to proceed m analyzing behavior in 
relation to the environment Bergmann neatly gets to the heart of the 
matter But even so what is the predictive value of the suggestive meta- 
phor psychological cnv.ronmcnt * Is it not the business of science to ascer- 
tain which objccuvc factors in the past and the present states of the or- 
ll ? T r0 T nt 3CC0Unl for lhc difference m response, so 
and -diet « ^ ** instcaJ of attributing n, merely descriptively 

men,’" (Bc,smnn„ aP W3 'p l °l33?‘ 1ICrCnCC “ P S > cho, °S lcal cnviron - 
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.unwept is] me wi/m.kj'* 

This sort of criticism, it should be realized, is not basicaUy ended of 
any construction of an environment that intervenes between the physuia 
environment and overt behavior The weight of the -aim is tooted at 
ad hoc constructions Postulating some "intervening env,r0 "“ ent “ 
missible and potentially useful if (1) « conceptual ««•£» “ “ 
desenbed in an a prior, manner, and (2) its infh rence on 1 
specified These are the goals that S— R formulations ha jk (Hull 
when postulating mechanisms like the anticipatory g n P mterna ] e n- 
!930) which in effect shifts a.tenuon from an “““'X in 

vironment These hypothetical intervening envi , 1932) and 

part from the prodtJg of, andreactionto jJ-JK ^ ^ 
Gestalt-type formulauons of an interna .hat the earliest be- 

should be recognized, as Goss has uUervenmg 

havionsts (eg, Max Meyer, John B Wilson) 

environment in the form of mediating ver a P struct serves to lay the 

The analysis of the ex P ansl0 "dvsis ofroliceptual behavior You recall 
groundwork for beginning our analy discrimination behavior, an 

tot the extension of conditioning theory to discnmina^^ ^ 
empirical gap that intuitively does » PP taor dinating the independent 
with some difficulty, particular: ly in ire rjmental opera i, 0 ns While this 

theoretical stimulus concept with P learning was taking place, 

extension from conditioning to iscn t0 g n dge a much wider 

discrimination theory was learning and concept learning W.th- 

gap exisUng between discrimination lean g bl! llkencd t0 a 

out m tending to be critical, to *«•“*! “ g oa is planned from a 
battle plan m which an attack oo an enemy P „ ]ze lhat unpor- 

posmon not yet won In any case it is "XVtasks have emerged from 
tant defimng charactenstics of concept 8 o[ conditioning The 

the methods of discriminate 3^0.^ methodology used by 

main difference between the P learning and concept learning 

S— R psychologists to study discruninal are dlscr ,minatcd from 

that m the former situation sing e s of stimuli are discrunma 

each other, whde m the latter atoUoo Xent ^ of inquiry he fol 
Thrs has led T S Kendler to define to p ^ ly to aequo .non o 
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utdization, or both, of a ,o analyze to P roee» 

problem of those who study con P 5 Kendler, 1961, p 
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however, that ^^ “tf tonimnauon learning ““m rens.dcr concept 
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learning as continuous with discrimination learning By this defimtion the 
simplest kind of concept learning would be exemplified by stimulus gen- 
eralization, the phenomenon in which a common response is made to dif- 
ferent stimuli on the same physical dimension 

The defimtion under consideration seems so rntuihv ely obvious that it 
becomes difficult to think of any alternate e If, however, one shifts his 
frame of reference to that of Piaget’s work with concepts (1953), it soon 
becomes evident that a defimtion that emphasizes “a common response to 
dissimilar stimuli” scarcely seems relevant Admittedly the complexity, 
or perhaps the obscurity, of Piaget’s work precludes any satisfactory work- 
ing definition, but the fact remains that such concepts as object, space, 
time , coordination, and causality, concepts which interest Piaget, do not 
fall comfortably into the aforementioned defimtion 

Now that the orienting attitudes and prejudgments of S — R psychologists 
who have adopted a condiuonwg generalization-extinction model have 
been explicated, it becomes possible to examine their implications for 
the study of concepts For the present the analysis will be limited to only 
two points 


The first that major attention has been paid to the learning of con- 
cepts, or what has been more commonly referred to as concept formation, 
concept attainment, or concept identification This problem has been 
mainly mvesugated with an experimental methodology similar in design to 
that used in discrimination studies, except for convenient modifications 
borrowed from rote learning procedures (e g , Oscas & Underwood, 1952) 
As a result such problems as concept utilization, concept modification, 
level of abstraction of concepts, to name a few, have largely been ignored 
- second problem raised is that of the relationship between concept 
bchauor and other forms of responses Operationally specifying a concept 
as a common response to dissimilar stimuli fads, as already mentioned, 
to distinguish it Irom ordinary discriminations and responses to generalized 
stimuli. Osgood (1953) has tned to male such a distinction, bovseser, not 
on empirical grounds, but instead in terms of a theoretical principle He 
mnes die question nhelhcr Hull (1920), in his classical study in sshich he 
- TP 1 al hunment resembling ordinary discrimination learning, seas 
JsucreT * CO^C^, ’ , tarmuoa " His argument is that Hulls 

t0 , dKcniImia, ‘ : a «mmon clement m n group of Chinese 
ST , Cm T *c ^nc in all die eharaSers the group to 
“TT™ 3 ^ponsc Does not n dL Ls 

ho^'mdu^f T Sa ™ ,a!k " hcn ^ “'cos *= relevant tone 
^cmTcamS^T em ‘ ro ™ m > 7 Osgood prefers to describe Hull's 

require some ^bstr^T°pr«csf H* “ bel “ : ™>S dint concepts 

p occss His posmon is expressed in the follow- 
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mg quotation from his analysis of Fields' (1932) work on the development 
of the “concept” of triangularity by the white rat 

“Patterning his work directly on Hull's approach he showed that rats 
could jump toward a triangular form, when paired with other forms i 
a discnmmation situation, despite large variations in size, 
non, amount of outline, and so forth Yet should ««•*** " 
can understand the abstract concept of triangularity? Would ™” es P 
positively to three dots in a triangular arrangement versus four dote m 
square 7 Or react positively to three people, three places on a map, a three 

cornered block, as ‘triangles’ 7 * (Osgood, 19 , p deoends on a 

The distinctive feature of a concept for Osgood n 
mediational process That is, instead of a common ™ oc _ 
stimulus patterns becoming associated wi a conce pt emerges 

curred m Hull's experiment, Osgood „ 

:«Thcit" — as * e cue for 

patterns fail to possess a feature ■» “ ]ctc iy different from cither? 

possess roundness What in this possess physical charactens- 

A shoe 7 It is definitely not round bul ■" d , i nut They all have wei 6 ht 
tics in common with the coffee ca o s lhis W ay, then only 

and substance They all are wme/img But e vcn here an objection 

nothmg is uniquely different from nothin® is something, or at leas 

might be raised by some phitosopher 

the concept of nothing depends on th P, s of Osgood’s disunction. 

Disregarding the complex sem “ d as a bifurcation representing 

it is necessary to realize that it as t at i am ment has taken 

the two directions that investigation of “ DCe P „ c relationships between 
One direction has been the ) and a common response 

stimulus events (words, geometrical dc S . J the sUmu lus response 
Attention in this sort of work by <he m «> *"“• 

relationship The second direc , m responsible ( at c . 

being directed at the mediation;, f behavior The mterna' 

theoretical sense of “responsibibty ) or ^ focus of a.lcnuon An 

cue. mstead of the association h^^ of Archcr , Bonnie i ^ 

example of the former would be th 9)> and Hovland 0952)> 

(1955) Grant, Jones, and Tallan experimental task (eg# 

reponmat certain stimulus feature^ £ ^ t0 thc S pccd of concept 
plexity, distinctive feature, information) 
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attainment The second orientation is represented by the efforts of Goss 
(1961) and Kendler and Kendler (1962), who postulate mediating mecha- 
nisms and try to determine variables to which they are related 

It would be misleading to suggest that the conditiomng-generalization- 
extinction model is the only S — R conceptualization of concept behavior, 
although as indicated historically it has been the most dominant one In 
recent years two kinds of phenomena, both of which are represented in 
S — R language, have been reported that promise to exert influence on the 
development of research techniques in conceptual behavior One is an out- 
growth of operant conditioning techniques, and the other is that of cluster- 
ing effects in free recall 

Operant conditioning — Concept learning tasks that emerge from operant 
conditioning techniques appear not too different from those which derive 
from classical conditioning Green (1955) instructed college students to 
tap a key when a correct discriminative pattern was present, and not to 
respond when the incorrect pattern was shown The procedure differed 
mainly from conventional concept learning methodology involving dis- 
crete trials, in that fixed ratio schedules were used in which discriminative 


stimuli were shown for different periods of time, allowing the S to respond 
repeatedly during one stimulus exposure The results showed that, “The 
extent to which 5s discriminated was related inversely to the ratio of re- 
sponses to reinforcement (1 1, 15 1, and 30 1) and directly to the length 
of time the discriminative stimuli were presented to them m conditioning 
(3, 30, and 60 sec )” (Green, 1955, p 180) Of greater mterests, and 
probably of more importance than either the operant conditioning proce- 
dure or the results it produced, was the introduction of a verbalization 
technique which required the 5 to state what he believed to be the charac- 
teristics of the correct card This made it possible to study simultaneously 
the performance of two operant responses, one verbal, the other instru- 
mental key tapping The results showed the correct verbalizations were 
, h „ . d to ! hc of the experiment m the same way as was 

the key-tapping discnmmaUon” (Green, 1955, p 180) 7 

bv 1 vLh U n a Jl° PC !t a n " ! P°" SC was refined and extended later 

o Jdtr s ,, and n 0ska r p 09561 ,n 3 CMd S °«‘”S ‘0* UK S was re- 
h>^fhes,s Stem S , P ^ , C CaCh Card P'acctnent, wtth either the 
the^ 1 ”, pIacc “ cm rcs pooses being rcmforccd One of 
ihcys stated h\Doth« n ^i ^ 3 <Jlscre P anc y often existed between 

r£e^ 

I ocmiy ot each other, or they can become integrated 
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by a stimulus from one becoming associated with a response from the other 
Presumably, when S’s verbalizations do not match his actions, te 
and card-placement chains function in a parallel fashion, 1 e ■ ) 

interact Combining developmental stud.es with a mediation^ S-R mode, 
the Kendlers have* sought to understand how the «« 

processes influences conceptual behavior, .e, how verbal, zaUons interact 

with instrumental responses p „ mm nn nrob- 

Although Verplanch and the Kendlers share interest mao°, JF* 
lem, their methods of coping with it are decided y encourage 

within a Skinnerian factual, atheoretical framework tends to »courag £ 

treating “verbal hypotheses” and ‘ card p a “ ma “ o y em J£ ? disc0 ver how 
Each being a response in its own rig , P . duks of re mforce- 
their rate of responding is influenced y v ^ gingerly touched 

ment The problem of the relationship between ^ ^ degenerate 

upon by showing how they covary Such an a PP occurrence of each 

mto a kind of psycfiophysical paraUelismjn w,^ ^ of hm and why 

response is scrutinized carefully, whi ? obvI0US that the 

they mteract, or fail to interact, is ' a theorebcal manner by 

writer's preference is to deal with t is p mterac „ 0 n between verbali- 
postulating the mechanisms responsi t ), eir , m pli cations 

zations and discrimination response clustering has emerged from 

Clustering — Although the phenomenon' ^cluster bchav ,„r 

studies in memory, its implications t ruclcd to recall a list of ran- 

Bousfield (1953) found that when S » ory , hc typically reports 

domized words m the order that it occ rando mly distributed 

clusters of related words For example, ble5> ] 0 professions, and 

words comprising 10 names of animas, n a random manner In free 
10 articles of clothing will not be same category to cluster 

recall there will be a tendency or wo greater probability of emg 

together A name of an animal will h»vea g of a vegetable, 

followed by another name of an animal than by 

profession, or an article of clothing , f those attributing 11 *° c 

Explanations of clustering have M Murk, & Russ 1, 

operation of simple associative < comaec 1, supcI0 rd.natc responses 

195S) to those postulating high I xp i an ation may be, the p 

(Bousfield & Cohen, 1956) Mtateva rte < acUon Words arc spen 
nomenon of clustering illustrates P m (hc ab scncc of an) *5* 
taneously organized into conc 'P “ scem to bc an important fact ° r ' ^ unc . 
instructions Thus clustering w appropriate word or wor j_ 

lem solving when the selection o f an a Pf o[ P Mall2ma n (I960) 
tional significance Judging from * C on clus.cnng should ultimately 

tty as mediated by word associauons, work. 
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reveal important information on how concepts are utilized in intellectual 
behavior 

Classificatory behavior has been approached in ways other than those 
already described In fact, there is practically no limit to the number of 
pretheoretical models and onenUng attitudes that can be used to investi- 
gate conceptual behavior In judging what appears to be the most influen- 
tial approaches, not so much in terms of their achievements, but rather 
m their hopes for the future, consideration of Piaget, “computer simula- 
tion” and mathematical models seems to be in order These will now be 
discussed in a brief, and hopefully, a cohesive manner, so that the current 
scene does not appear, as it so often does, as a group of isolated efforts 


Piaget 


If we dispense with evaluaUon and analyze Piaget’s method of investi- 
gating concepts, we find an approach that is markedly different from that 
used by most S — R psychologists Piaget (1953) does not have any precon- 
ceived notion that concept formation is like any other behavior, as was the 
case for the preconceptions of S — R psychologists of the similarity between 
classificatory behavior and conditioning and discrimination learning Piaget 
nevertheless prejudges issues by using a frame of reference to describe 
behavior that emanates mainly from logic and to a lesser extent from 
biology As a result he sees conceptual behavior largely in terms of logical 
operations 


Piaget superimposes his logical model on geneUc data He attempts to 
distinguish w a normal child s development successive stages of thought, 
each of which is characterized by different kinds of logical operations 
Because of this geneUc orientation concepts are considered to emerge at 
particular ages (just like teeth), with little or no consideration being given 
to specific learning experiences The major attenuon then is paid not to 
the acquisition of concepts but rather to their uUlization 

Piaget is a psychologist in the European tradmon (although there are 
signs that, like everything else, he is becoming more “American”), and his 
studies and those of his co-workcrs, dealing with physical and mathemati- 
cal problems, do not achieve standards of experimental control and statis- 
ucal sopfestKanon demanded by mat new breed of behavior sc, enlist, the 
15 P 1 ^ m the verbal responses of children to 

ment cr.o' J! , "I*"™" 1 " "hen ,t ts not always clear that agree- 

ment exists about meaning of terms ° 

^ P "‘ “ ,dc ' r,nd ( ° r the most part P.agct's 
,S ,nS,Cad s "PP k "K"““y to that of the 
concern!*- £ P'mcpal aten m which thu, ts particularly free 

th.,r respect, vc treatment of developmental and learn, ngproc- 
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esses A common criticism, and a justified one, that is often directed at 
Piaget is that he ignores the influences of learning in the development of 
conceptual behavior It would be equally appropriate to direct . the same 
kind of criticism, in a reverse form, at the S-R psychologists With com- 
parable indifference they have ignored developmental factors Tta equ _ 
but different neglect stems from a tragic trend throughout the bs ory of 
psychology to view developmental changes and earning as , 

processes a consequence, no doubt, of all the confusion pounding the 
heredity-environment controversies What actua y is “ of 

down this wall dividing these two research areas ls s0 a P j 

behavior that can be applied to results of developmental as we l as leam 

mg studies One such attempt that ,s now being made mt a very mo « 
fashion is the analysis ,n S-R terms of the 

solvmg behavior of chddren of different ages ( e psychology if 

Needless to say, it would be helpful to the enure study of psychology 
additional attempts were made with different pretheomttcid nter est- 
Piaget’s work also supplements the S-Rapproa toby ^ patterns of 
mg areas of invesugation for possible P and causa uty are tcch- 

studymg such concepts as transitivity, p ^ ^ thcy cannot be 

mcally more difficult, there is n0 r ®* s . tra( jition 
studied m a manner consistent with behavio 

Computer Simulation of Cognitive Processes succumbing 

Perhaps because psychology is reaching as theonzing Wit- 

more and more to changes in styles o res inforinaU0 n theory, mathc- 
ness the impact of such recent innova behavior One of several un- 
matical models, and computer simu a 10 „ ou u be that wc would 

fortunate consequences of an atomic o {aJ which had perma- 
be depnved of learning which approach jbout the contributions of 

nent value One can be spared ro £ „ an j Simons (1961a, 19 ) 

computers if one is willing to accep n t hmkmg by computers 

enthusiastic appraisal of simu ation 1{ , 0 aCC ept authors 
behavionst might find it somew a being awarded their sea o p- 

science He will discover that m ^ * that be is interested 

proval for his rigorous methodology tnur | 

m insignificant quesUons . oa j s that their enthusiasts a\ 

If computer models are to a^cthc (q * p3ld to the behavior 
set for them, much greater attentto pf computer P r0 S ra ™ 

that is bemg simulated and tto mster to a Kn S thyaccounto 

writer is reminded of the ***** ^ have emulated I 

the kmds of human behavior tha co ^ ^ ^ a computer that starts 

was, “HI take this stuff scrio y 
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worrying after its parts begin to wear out ” This anecdote ntcely illustrates 
the point that in evaluating computer simulation one must also consider 
the behavior that is being simulated The data that come from the con- 
tinuous verbal reports of S as he is trying to solve a problem may not, as is 
assumed, mirror the process For example, the reporting might conflict 
v/ith the thinking and thus change it According to Watt and Ach (Boring, 
1929), a person’s thinking occurs before he know's about what he is think- 
ing If this is true, then at its least a continuous verbal report slows think- 
ing down, and at the very most, actually distorts it Obviously much more 
information is needed about the relationship between utilizing concepts in 
problem solving under “normal ’ conditions and those of continuous verbal 
report But even if a great difference were found between these two kinds 
of problem solving, the ability of computers to explain thinking while 
talking would still be a major contribution Although it would not ex- 
plain all forms of thinking, it would at least provide insights into the be- 
havior of that small segment of our population who are required to talk 
while they think (eg, professors who are unprepared for their lectures 
and wives who never shut up) 


More important, perhaps in the long run, is the manner m which these 
verbal reports are gathered It is awfully easy to shape verbal behavior 
(eg, Grecnspoon, 1955) Unless the most rigorous experimental tech- 
niques and controls are used, it is quite possible that experimenters can 
shape the 5*s introspective report to fit the mold of some preconceived 
hypothesis When it is demonstrated that human problem solving resem 
bles that of the computer, it would be wise to ask whether such results 
arc due to the computer simulating human behavior, or whether the ex- 
perimental technique shaped the subject’s behavior so that it resembled 
that of the computer’ (H H Kendler 1961 p 190) 

Of course, there is no reason why computer programs have to be ap- 
plied to verbal reports They can and have been applied to experimental 
results such as those from partial reinforcement and rote learning studies 
(i cwcH L Simon 1961b) The important point is that to apply a program 
to a sing c experimental result is only the beginning of effective theorizing 
What arc needed are general theories— or programs— that can be applied 
successfully to a variety of empirical data To return to Newell and Simon’s 
Problem Solver a computer program that fits some logical ma 
S r K "°' P cr,cc! <1 k human leases out soma of Ihs 
other rrn" C nm m ^ Uter ’ ' c ^ lanl step forward wilf come when it, or some 
such L fund. ,S 1 CXpan f cd “ r " 3 '“*ty of demonstrated phenomena 
Z, C JT T fUCdnC “ lhc Khu « effectiveness of reversal and 

c C °T lta " f ° r d,ITcr,:nt 6™PS. effects 

ot cibal p, draining on subsequent concept bchas, or, etc 
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Lest these comments be interpreted as completely negative, reference 
is made to Hovland (1960), who appropriately pomts out that computers 
can function as potential aids “ in sharpening our formulations con- 
cerning mental processes and phenomena,” in encouraging theories 

that have both descriptive and predictive power,” and for coping with the 
complex problem of dealing with a multitude of interacting variables 


Mathematical Models 

Formally speaking, there is no difference between representing behavior 
by computer programs or by mathematical models A computer program 
“ used as a theory has the same epistemological status as a set of 
differential equations or difference equauons used as a theory (Newe & 
Simon, 1961b, p 2013) But in other respects they are different Ahnough 
it is difficult to generalize from all the various mathematical models, , it I: 
safe to say that there is at least one difference that is relevant to ,h, d^ 
cuss.cn To an appreciable extent mathematical modeh^unl.ke much of 
the computer simulation work, have emerged from the S-R language and 

m r St totS'S concepts has taken the Pu- 
rification model (Bourne & Restle, 1959) w ic is 1955) The 

of a mathematical model for discrimination tarnmg amy 

reason that this transition is made with re a v , relatively 

of the model, is that Bourne and Resile restrict ^^ ““ uelaUonstps bc- 
simple conceptual behavior having its roo s in P ^ relevant dj me n- 
tween clearly defined stimulus vanab es S' dbac j.) and choice 

sions, number of irrelevant duuensions it ^ay=d feedb“CW 
behavior Their work can be locate co bccn assoc , ate d with 

tional” path emanating from the b mprfntional) and concept be- 

Osgood s distinction between labeling (nonmediational) and F 

havior (mediational) , n , h , s sort of single stage S— R 

Mathematical models lend thems ediatlon al analysis lend to be 

analysis Problems that have requu be case of Resiles analysis 

avoided When they have been dealt with, resulung from responses 

of leammg set data (1958), * most interesting if attempts 
of the organism are P° s,uli * t “j . .. phenomena with a single slagc 

are made to deal with medi ^ Rcstlc’s discnmmation theory 

S-R mathematical model For «™P ' „ . mcch amsm represent the 

(1955) with the assistance of his P w , aod „ onr cvcisaI shifts 
changes m the relative rapidity in (Kcndler & Readier, 1959, 

are executed by children of different ages IN 

Readier, Kendler, 4 Wells, 1960) » lB play a more and 

There is little doubt that mathematical moo 
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more important role in attempts to investigate and interpret classificatory 
behavior as research moves ahead Disagreemens exist as to what exactly 
this role will be Will it be an innovator that leads to the discovery of new 
phenomena while systematizing the old, or will it make its mam contribution 
only in terms of the latter function’ In either case, the warning of Skinner 
that comes from the wings, or from above, depending how one views the 
current scene in psychology, should not be completely ignored, “What is 
needed is not a mathematical model, constructed with little regard for the 
fundamental dimensions of behavior, but a mathematical treatment of ex- 
perimental data’* (Skinner, 1961, p 62) 


The Nature of Concepts 

The impression has no doubt been given of talking around the concept 
of the concept Any reader, hopmg to discover what a concept really is, 
would no doubt have his curiosity unsatisfied, if not downright frustrated 
Admittedly, the writer or psychology may be partly at fault, but it can be 
argued, perhaps in self defense, that the major difficulty lies with this hy 
pothetical reader’s uncritical curiosity After all, a concept is not a single 
thing or event whose attributes and functions can be simply listed and de- 
scribed A concept is a complicated psychological phenomenon, a com- 
plete description of which will be contained someday in a theory capable 
of explaining the numerous empirical laws involving the term concept 
That day will only come about when knowledge about all forms of behavior 
is greatly mere ased 

Although the question of the discontented reader cannot now be satis- 
factorily answered, the direction which such an answer will take can be 
suggested In order to do this, some method of conceptualizing behavior 
in general, and classificatory behavior in particular, must be offered 
Stimulus response language can serve this function As a first approxima- 
tion, concepts ha\c three conceptual properties they are associations, they 
function as cues (stimuli), and they arc responses This classificauon 
scheme, whose divisions arc not as ironbound as they should be, is useful 
m ordering some of the major empirical problems existing in conceptual 


Concepts as Associations 

" pc ' ,m ' ; | ma ' clI ° rt has been directed toward the learning 
stimuli an 1 >plCaI y th,s has mcai,t ">= association between dissimilar 
must “ mm ° n rCSp0,M ■H* «Pcnmenta! methodology used to 

natmn S n^L P / OCCSS , ,C T b ' C5 m * 3 > s thc conventional discnnu- 
P s used with animals, a single stimulus event is presented, 
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whether it be in a card sorting task or a rote learning type experiment, 
and the S is required to make a response which in turn is either reinforced 
or not One important problem that has been raised is whether the concept 
learning that goes on in experiments of this sort really represents a single 
kind of concept learning or instead certain stages of concept learning The 
terms concept identification and concept acquisition (or attainment) 
highlight a possible distinction In a conventional card sorting task the 
S, who is usually a college student, does not ‘ acquire a concept such as 
number or shape or color Instead he identifies one Prior to training the 
5 knows these concepts, he merely has to learn appropriate ■responses to the 
appropriate stimuli But the basic associations have been formed His task 
is Afferent from that of a child who does not know what shape or color or 
number is at the beginning of the experiment The c as o ' 
example, the assoc, ations between square shapes and a common respo 
and circles and another response This distinction is operati ““°‘ 
mgful if we define concept identification tasks as occanmg . 

tions could produce the same behavior (e g , sortingm 
as the conventional training procedures Concept “ 

restricted to the situation in which a simple setdm b „ inraI)g ” 

suffice The S would have to acquire a concept fiom the ry g g 

This distinction does not rest only upon the ages of the S, 
abdity College students who could iearo to '*"*/>’ Md , a £. 
would have to learn to acquire such concep as / concept learn 

ous recovery And correct verbalizations o c behavior will be 

mg tasks am not always a guarantee that their choice behavior 

appropriate (Kendler&Kendler 1962) ^ ^ ldcD UficaUon, although 

It would seem that acquisiuon occu p , . occur simul- 

there is no reason to suggest that both a[ 3 |, ,]] CS( , processes 

taneously The basic problem is to discove ’ b j e [bc identifica- 
differ Is only the acqmsiUon process ^ly^auve, while 
tion process is a relatively simple case o • ^ rocesses extreme 

is associated to an old class of s ctudies could be done with 

pomts on a single dimension? If compar differences 

concept identification and concept acquisition task^ tnc 
between the two processes would be better u would be a prob- 

The selecuon of a particular ex£nm=-a> ^ ^ quKll0nJ jUst 

lem for the investigator who decld f d “ ?^ cIy , 3 „pcd the wide variety 
raised Concept learning experunen as ^ Answers to the simple 

of possible conditions— -as wed as T COD diUoiis for concept learning 

practical quesUon of what are th p ignored, as indicated by 

can reap a nch harvest This problem i£, U ve and negative mvtanecs 
interest shown u> the relauve importance of pos.uv 
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(Hovland, 1952), m the relative difficulty of identifying conjunctive and 
disjunctive concepts (Bruner, Goodnow, & Austin, 1956), and the retard- 
ing effects of irrelevant information (Archer, Bourne, & Brown, 1955) 
But obviously much more has to be done A particularly important prob 
lem is suggested by a study of Marx, Murphy, and Brownstein, who in 
seeking to train 5s to recognize classes of complex stimuli find that train- 
ing with ‘ certain kinds of abstracted patterns results in greater recog- 
nition than presentation of the fully drawn stimuli” (1961, p 459) Al- 
though their study is primarily concerned with what may be properly de 
scribed as principles of perceptual organization, the problem touches upon 
one that is central to conceptual behavior, whether it be concerned with 
classifying geometrical patterns, words, ideas, or what have you This prob 
lem is what kind of learning allows for the most effective transfer from 
the abstract to the specific and from the specific to the abstract 

In discussing associative problems of conceptual behavior the topic of 
retention cannot be ignored We know concept identification occurs more 
rapi y i the S is freed from the task of remembering previous correct and 
incorrect instances (Bruner, Goodnow, & Austin, 1956) But if learning 
a concept is dependent to some extent on retention, as it usually is, what 
are ose principles of retention that can be exploited to facilitate concept 
dntmc J* 1 * s customar y when studying concept learning with memory 
in c„ rr ° r C3r SOrt V^ tests t0 P resent all the positive and negative instances 
nM “ d ?T eDCeS AIthou S h these sequences are necessary for 
haDs an instn °° uf ° fder ltSel * ma y be aa im P ortant variable Per- 

« t bC rCpeated Untl1 the ^ponse » ^ 

2cn?n? n f . being raiSed 15 rc,ated lo that old and seemingly 
3 fid to VerSUS ‘ wh ° le ’ ^ng Previous attacks on this 

defm,UVC aDSWer Peiha P s psychologists did 
be noted that Drohlp U C f TUng and met hodology at that time But it might 

th “oplc t fen COnCCplUal bchaV10r la ^'y 'S"-' d 

An a PP™ ch that considers con- 
fers lobe nonsense 8 ' °“‘ ° f what has a PP eared far man y 

and response pro'blcmwff traiB1| t°tt between associative and stimulus 
to developmental factors in nCCptUal behavior by raising questions related 
b-ts of .L devlprnel eh C r CCpl VVhat ■ Prolog, cal 

learning - ! To attribute these ^ ° CCUmn S ln v anous kinds of concept 
incomplete answer and at w'o '° ,n,cU '£ (:ncc - at best, is olfcnitg an 
these differences in associate f ' '! bl:s8 '"S lhc question Is the locus of 


mstm? lb s m assoc,au « functioning or . 
a ' £ cannot be answered L ' J 


- . — r response 

c being offered j'^buTif'st^mTt answcrcd now (a number of partial answers 
’ 11 M ' mUlus m P°ns= language is useful, some answer 


mecha- 
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should be forthcoming after appropriate research is completed And these 
answers will represent giant strides forward in understanding class.ficatory 
behavior 


Concepts as Cues 

One of the major differences between S— R correlatiomsts and medi- 
ations theorists is that the former are interested in concepts as associa ‘'°" s 
and the latter in concepts as cues The result is that the former have been 
more concerned with concept fonnation, while the latter are primarily inter- 
ested in concept utilization 

Although much theoretical use has been made of c “ ce P ,s / s r C n U 0 £ . S n < ° 0 ^ 
1961, Kefdler & Kendler, 1962), there are some (Bruner Goodnow, ft 

Jbnkms ■“ 

the cue function of - 

referred ‘to This Terence — 

peared to some to be the basic issue surrou mg 1 ^ w£re learne d This 

versy, namely, whether S—R assocatioiis ^ because „ scems 

distinction has always puzzled the wn ( ’ lcms adopted to 

to reflect personal preference for models a "d anguage P„ lhc 
represent behavior instead of fundamen a chaining and mediated 

vast potentialities of S — R language res g what some p re fer to 

generalization of verbal liehavior Me cxinsr, nccd not be, 

call "principles” or ideas or str g S — R ass0C iatrons 

expressed in terms of cues arising problem was expressed in 

A somewhat more meaningful asjie .. . (1961) concerning the 

an exchange between Bousfield (1961) J that ts separate and 

justification of postulating a cona =P' Bousfie j d ,s willing to dispense 
independent of the cue functions . lt generates confusion 

with “meaning” because it is uanea ssoaahons, a concept’s mcan- 
Meaning for him can be hand e y Osgood disagrees, believing 

ing would be expressed by the wor ^ tl) besides meaning (e g , 
that responses to words depen , by tbc £em anuc differential 

syntax) Meaning per se is better ^ ^ ^ , 

The reaction to this disagreement y ^ , ssue was not crystal- 

which this exchange occurred sugge melhod of measuring die cue 

dear It may be that when we «P“ d “ r phrases and sentences), 

function of words to include chains o words !. P ^ M Osgood 

then this apparent difference ,hc cue fund, on of concept! 

argues, that meaning can never he squabble, the rcsulu cannot h P 

Whatever the outcome of this intralheory squ 
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but have important repercussions for mediatronal theory in general and 
conceptual behavior in particular 

The mechanism basic to both these mtertheoretical and mtratheoretical 
differences can be categorized as problems of concept generalization Hav- 
ing learned a conceptual response, what are the instances that will evoke 
it 7 A question like this is extremely relevant to the area of problem solving 
Perhaps when programed learning is used more as an experimental tool 
(Gagne & Brown, 1961) than as a sales commodity, basic information 
about concept generalization will be obtained 


Concepts as Responses 

When a child has acquired a concept, what response has he learned? 
According to current mediational theories (Goss, 1961) he has acquired 
some implicit response, usually, although not necessarily, verbal in nature, 
which serves as a cue for his overt behavior This is obviously not the only 
possible interpretation Zeaman takes a position more in line with Gibson’s 
h 5 m P erce P tua * f° rr °ulaUon, “ distinctiveness is acquired not by 
the addition of response produced interoceptive stimulation but rather by 
the acquisition of responses (observing or attention) whose function is to 
make effective certain features of exteroceptive stimulation not previously 
responded to ’ (Zedman, personal commumcauon) 

This altcrnaUve to S— R mediational theory should— and no doubt will 
be pursued But certain problems must be recognized First, it will not be 
suffiaent to equate observing responses with attention Although they are 
Z n n ,f y “ that °P cra *= to “select on?” from the 

maS w,*? ulaUon thosc components that will become associated, 
‘ or °f , l ™ P™c.ples governing then operation are different Observ- 
what nart oiT' P ' C cr *° cal1 rcce P tGr ‘ cri cnting responses, will determine 
non o P n the i, 'i7H Cnl J ' vm str,ke ** ° r g™sms sensonum Alton- 
stimuli f-ili mo u it, ^ i.’ d .; CldCS wilat s!imu ‘ us component of a pattern of 
cS if hL rCCCpt0r WUI s,Md “ d beanie asso- 

that arc to be aws° a aDd 3ttcn ding will influence the stimuli 

troth T ”7 may 0pelale different 

performance nf met ^ principles governing the learning and 

rf7;-y'a; n “o„ icspons£s ' thc ,a,t “ 

ccptual?oOTulaCn b orthe a Lrtziamm CC ° Sn, “ d “ deVd ° pmS pCt ' 

differs from a mediation -,i * su SS csts 1S 10 understand how it 

One is that pcrcemua! -inH ^ crc seem to be three possibilities 

segments of the same hr*, lational responses can be parts of separate 
1961) Anoihcr ^h*^ 0 ^ ChaJa (Kcndlcr « Glueksbcrg, & Kcston, 
possibility is that perceptual and mediational responses 
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interact, thus influencing each other in a reciprocal manner Finally, they 
may not be distinct events even though they have been assigned different 
names It would surprise the writer if all three possibilities did not possess 
some degree of validity for at least some situations For the moment it 
would be wise to consider the possibility that apparent differences could 
hide intrinsic similarities 

Disregarding the relationship between mediation and perception, it 
would seem reasonable to expect that many, although not necessarily all, 
developmental differences will be discovered to be localized in different 
response capabilities This would be true for many of the differences noted 
in athletic skills, and there is probably some psychological similarity be- 
tween athletic and intellectual skills Response differences resulting from 
developmental changes m human intellectual functioning can be cate- 
gorized m four different groups Fust, the degree of abstraction can be 
increased Second, partly as a result of language todopment, *e chdd 
can learn to respond m a mediated maimer Thud, fte ac^ued verbaj 
habits increase in complexity and uniqueness One Gagne and 

Brown (1961) find that self discovery of a pnncipl “ X^ncmle to 
taught the principle ts that the former procedure ^allows ; the pn™P>J t» 

terns of behavior that are constantly being eame ,mpor- 

Before termmating this secuon M dcf 

tance of conceptual behavior in c uca oollsc being learned is the 

programed learning believe i that the maj mst S al . e n (Gagne & 

one the student writes m the i fran , y ^ b eing learned 

Brown, 1961, Kendler, 1959 b, S,lvemian,1961) What » 0^ S 

are concepts, and what is modi e are S css better than we do 
verbal repertoire Unless we ■mderstand this proce ss oe^ 
now, the hopes of programed learning will never be realized 

The Place of Classification Learning in the 
Psychology of Learning 

In a symposium such as ^ ^ fact * ** 
tionships among the various g orgamza uon of learning processes 

present sequence of . ‘“SerlrtiiE theme of this organization is that 
that is widely accepted Tie _under(>mte ^ ^ obscn ,. u Uie eon- 

conditioning is the simplest fo <trcnethcmng of associations in all 

dimming situation the , f °™ a “°“ As onc proceeds from conditioning to 
them natural glory and simplicity A F 
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rote learning through probability learning and finally on to problem solv- 
ing, the learning phenomena become more and more complex, more and 
more a function of a larger number of variables and the interrelationships 
among them This organization of the psychology of learning from the ap- 
parently simple to the complex is so emmently reasonable and sensible that 
it is often accepted as valid In fact, the writer (Kendler, 1959a) once di- 
rected a criticism toward statistical learning theorists for using such com- 
plex empirical phenomena as probability learning to arrive at their funda- 
mental theoreucal assumptions It was suggested that the appeal of prob- 
ability learning was not its psychological simplicity, but instead the quanti- 
tative simplicity of the data it produced This criticism is justified if one 
accepts the idea that conditioning mirrored most clearly the fundamental 
processes of learning Such a “conditioning-onented” view is obviously not 
demanded by the facts, but instead represents a prejudgment as to how the 
facts will ulumately be ordered 


Realizing this point, it is as jusufied to organize all learning around the 
facts of probability learning as around the facts of conditioning In short, 
the answer to questions concerning the mterrelaUonships among various 
categories of learning must of necessity be a theoreucal answer This does 
not mean that one answer is as good as another Instead it means that the 
best answer must be supported by the best theory 
Although tt ought be possible to argue that concept learning should be 
considered as the core of all learning, the wnter would just as soon not 
defend this view But it might be mentioned that an allied view proposed by 
lolman ( 1932) that discrimination learning is basic to all learning be con- 
,n d u m ° re scnousl y U ls impossible to consider any learning situation 
cond,i',n h ™ U “° n betwcen ^ponses is completely absent In classical 
reactions F C ?° nl ,P ctllKm between the conditioned response and other 
conditioned f ’ h ° “"“"S 3101 )'" response) are typically ignored The 
£«m= » 0f a lon S scn “ ° f “qmsidoa tnals, may 

the introduction f ^ CVldcrlcc of competing responses is absent But 
1, 2? d experimental cxtincuon procedures wdl usually show 
that hidden behind eveiy dominant response is another response that can 


thC ot thc psychology of learning over the past 

IT' * 5h ' ft ° f ““« *«» "be development & a 
U..r.e™u"?J hC “"i* 11110 " between associations Perhaps this 
or at least to a moM™",!! a morc fundamental problem— 

dm II that if Ihc vanous qi c< ! U3lI y fundamental Thc implication of 
meaningful m.n™ sh "p J? h l°T °' ^ ““ — 

on the process of habit’ ff d,scl ' mmaui,n learning wuh ns emphasis 
process habit competition, should be assigned die central role 
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Concluding Comments 

An attempt has been made to show how investigations of conceptual be- 
havior have been shaped by preconceptions of such behavior Some of the 
more popular preconceptions have been reviewed and analyzed These 
models tend to focus attention and obtain information m different prob- 
lem areas The analysis was terminated by attempting to systematize the 
problems of conceptual behavior m terms of three psychological functions 
of concepts resulting from a stimulus response analysis, and pointing out 
that the location of conceptual behavior against a background of all psy- 
chology will ultimately depend on the theory of behavior which is accepted 
It is easy to get depressed about the current status of our knowledge of 
conceptual behavior We know so little We have so much to learn Yet 
depression, or even disappointment, is not justified Different empirical 
techniques have been developed, knowledge is being gathered, and some 
integrating ideas, even if they are limited in scope, are being offered No 
doubt individual psychologists viewing the effort that is being expended 
by behavior scientists in this field could recommend a more economical and 
strategic approach For example, the standardization of our research tech- 
niques could be improved This will be achieved not by wishing or procla- 
mation, but by the development of techniques that capture the imagination 
of the younger psychologists who enter this fascinating field Criticism 
about our present concepts of conceptual behavior can be offered They 
are both clumsy and confusing But problems of definition will dissolve 
as the field matures The great need is to get more researchers m the field 
of conceptual behavior And this is exactly what seems to be happening 
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On Verbalizations and Concepts 

COMMENTS ON PROFESSOR KENDLER’S PAPER 


E JAMES ARCHER 

University of Wisconsin 


It is difficult to discuss a paper which is so interesting, agreeable, and 
informative, without being picayune and trivial 

Professor Kendler has presented the history of the development of the 
methodological biases in the study of concepts very elegantly Perhaps 
his concern with “models of behavior [being] extended to concept ’“““S 
(p 212) would be ameliorated if viewed differently It is not uncommo 
to hear our nonpsychologist colleagues express amazementoverom ex; 
haustive exploration of seemingly trivial and insignificant pxoblcm^-bc 
cause for those problems we have a rigorous: n"’ 8 
norms of the bicger, obviously important problems-for which we have 
evolved satrsfacfory techniques as ye. Viewed differ «* < ° ™ £ 
a hn smuplv) could the S— R association models be seeking juslilica ion 
^SSiSLr-em .0 be extendable ,0 the high order, complex- 

nation learning, and then discrimination earn g P he sces 

I am not sure that I share hts syslar as mfrahumL animals 

among these three classes of behavior, « Professor Grants (p 28) 

and nonverbal children are concerned s between those 

views on the need for an anthrocen.rtc " 

who verbalize and those who do not seems tnuc .more s^nl S«nr ^ 

The ffiree classes of studies 2-"“ “ d Jponsc 

concept formation seem to he alo ”o Drov ,dc a qualitative difference 
complexity, but legalization app b P llzallon , s n ,ccly shown by the 
The recognition of the importance of d as thc effects of altitudes 

increased interest in such problems hc circct „f W rbai prctraimng 

and self-instruction in eyelid “nditton g, m c0 „ Kpl , d c„hlication 

on perceptual motor skills, and s r g> reasonable to insert bc- 

As Miller, Oalan.er, and Prtbram sard « » rc AnJ thcre „ no 
tween the st.mulus and the response a lntlc 
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particular need to apologize for putting it there, because it was already 
there before psychology arrived” (I960, p 2) There is even a growing 
interest in finding out what the subject thinks he is supposed to be doing 
in an experiment 

As Professor Kendler pointed out, the current trend in many S— R 
theories (eg, Spence 1956) is for large parts of the environment to 
which the S is responding to be mtrojected into the organism If a hungry 
rat has fractional anticipatory goal responses, I will wager a motivated 
college sophomore will say to himself, “I’ll try the green circles, too, and 
sec if they are right ” 


I would hhe to offer some encouragement to Professor Kendler to take 
issue with the definition of concept formation as “the acquisition or utili- 
? “ mmon r «P°nse to dissimilar stimuli" (T S Kendler, 
wh h 4 . A ‘ '“f, 1, 1 w ° uld llke tD promote the position he almost takes 
“ ‘“"“P's h nve three properties they are asso- 

2261 There 7 uncuon as cues (stimuli), and they are responses” (p 
Sr More s " 7 H subsumes these thme-they are 

of otL™s, the J r are me amngful words which label classes 

cues stlmul1 words are associations, they are 

this far ic to ^ rcs P° nses Th e mos t obvious argument against going 
™ s ‘° P° mt * a ‘ monkeys, for example, can acquire whaf ap 

cuSr m Z "Z t I™ 5 an0,ller ° n th = olhEr ha “d, if the pre- 

pretty private) then^ih , f “ “!§’ ™ mtulUon - a h “nch, (and all of this is 
difficulty of acquisition o C f° U such CC011Ilt 7 lhe E * as P cratul S slowness and 
transposition and the like in infrahum 5 °7‘' y ‘ double - alte n>oUon, 
Here I am suppestmp tw h c i ahuman and pre-verbal human Ss 

asking together” via a “ ** lmmd 

piZZ “ l U, P =y T* Phenomenon Concept are not 

quisiuon of the mcanins is surdv" 01 * USEd aS class labcIs — anii ac_ 

To use Profes” SdTefs , 7 “ Dt, " u ““ s variable process 

idcnlificauon and codccdi irm, I T^ E <n ll ' l: distinction between concept 
>» fnuly a number concept wouldtaveTl' a' StUdents who eouId karn 

as disinhtbuion and spontanen,, !>° Carn to ac< 3 uir e such concepts 

students ha.cn t hadTc 0 Z“h7l (P «*£■ 

definition of these two terms hut^ °^’ 1 bet could give some 
mean would require the acouisitmn 8 f % ***? defimUon m context we 
At such time they would \? c would ^ Md s P cc,aIl2cd meaning 


At such time they would w c would °„ ^ Cr Md s P cc,a hzcd meaning 

dismhibition” and spontaneous rcco ^ UUCli Ulc “"oepts of 
unhcrmorc . m no, sure that Uic ^approaches to concept forma- 
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tion Professor Kendler described are as different as he suggests On the 
one hand he sees attention focused on the S — R relationship, e g , the 
Archer, Bourne, and Brown study (1955), and on the other hand he sees 
attention focused on mediational processes (Kendler & Kendler, 1962) 

I wonder how different these really are By varying the amount of ir- 
relevant information we did vary the complexity of the stimuli, but just 
as surely we also varied the number of hypotheses which S cou con- 
sider The amount of irrelevant information was more easdy specified 
than the amount of self-verbalization which was provoked m S 

While the Grant, Jones, and Tallantis paper (1949) stressed persevera- 
tive errors, a fairly objective external kind of response, these .errors "ere 
surely grounded m S’s verbalizations of his strategies While Bruner, 
Goodnow and Austin (1956) stressed the relauv e * ffi ‘ uUy sum C 
live and disjunctive concepts, these differenual difficulties were surely 
grounded m Ss ability or inability to verbalize the concep s 
Emphasizing the importance of Ss verbalization “ f “ W 
1961), but we might find ,t advantageous to consider the 
of insisting that a similarity or relationship be verbid least ^verdy 
before it be called a concept And when it ■ ^ ^““(Ka.on” 
a rather new and distinct class of variab es “understands ’ the 

1940), something special seems '» 63) discussion of 

concept Recalling the example inU _ four Jlsls 0 f words 

“conceptual similarity and £ f , f' Iem Lkably belter retenuon cf the 

had foul categories of words, there was h ^ n ed This ‘ something 
lists Here obviously, ‘something spe ^ call professor Kimbles 

special" need not always be benefici y , nn „ 0 f words, 

(p 37) reference to Stuart ^ stnlcture J the concept, even 

the particular verbalization could effect of the \erbaliza- 

distort it In our world of ideological be 

tion has very sigmScant implications ^ meaningful label or 

coincident with ^s ability to correctly r crbalizc in 
word which makes the concept a ^ onc ^P . cs arc memorized by 

Problem solving is less adequate w . to interference and 

rote The rules even show the "“ elv “ bIc d or forgotten completely 
forgetting The rules get interchanged o g hand, how much 

when the concept has not been « ^“thoroughly understood 

more resistant to interference and a „ cr ,hc rote learned 

concepts' fn fact, the concept may remain 

rules have been forgotten to extend principles of condi- 

Maybe wc are too «S a -, ' ‘L to «n “cpt ormation Pc.baps there 

honing and discnmmation Icammg <o conccp^ ^ ^ of 

ts a set of new independent variables 
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our self-imposed restrictions Perhaps some of these variables have 
already been suggested by some Gestalt notions of organization 
As for Professor Kendler’s hopes for Piaget’s method, “computer simu- 
lation ” and vanous mathematical models, I am less optimistic 
Piaget s methods place an extraordinary reliance on the overt verbaliza- 
tions of his young Ss In reading over many of the transcripts, one gets 
an impression that many of the responses are forced The chdd seems to 
say t mgs because he is pressed to say something — anything And conse- 
qucnUy, some of these highly regarded data records are gibberish Piaget’s 
methods call for some highly skillful filtering and selecting to achieve 

u; wm!° n '^ Uler i simulation and mathematical model approach may give 
u some magical moments of understanding, but I suspect that the pro- 
6 t0 SeDse when the ‘ bl S *4” ^om P re-ver- 
pnatclv I am^ci & takes P lace a PPty the new variables appro- 
attendinu to sum 11131 111616 be a g radual development of 

' t CCll ° n ° f mfonDatlon * formulation of hypotheses, 
S,on el mm^ C r e S lde ° tlfiCatl0n ° f relevant a ° d relevant in- 
but final ‘ firmino ” f redunda nt relevant information and a gradual 
3 VCrbal St3tement of thc «**P* Perhaps some 
more probable th^^T^nT 1 * WUh htUe med,atIon but 1 think 11 ,s 
A subject docs not or*> it ^ h3S ass0Clated internalized verbalizations 
Most a Verba !, VOld He kee P s talking to himself 

to find the -rule” ilnd^STS mCOrtCct But he kee P s 

When he finds it he ^ Cl J 1 !!” out of experimental “cage ” 

rule, in fact he some times ^ d jf erentl >' He doesn’t easily forget the 

It IS when 7h,r W Wllh lts a PP* lcatl on 
variables When these arf lr U ° lb f l WC Seem t0 need a Dew c I ass of 
tion will be useful As Profp 0 ^ and understood . then computer simula- 
computcr has ,o Low Kcndk '™<*' b efore it can work, the 

In summary, Prl K** * S,mulale 

non of the role that verbalization riays'mm about ,. the S rowtn 8 recogni- 
tion and acquisition I seem onlv t« h ^ 1 ^“P* formation, identifica- 
and fundamental importance of , „ r ^ S ? 8rce W,tb bim on lhc pervasiveness 
concept crbalizauon to the very existence of a 
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Perceptual-Motor Skill Learning 1 


PAUL M FITTS 

The University of Michigan 


Living, moving, and behaving are almost synonymous terms Thus the 
study of motor and perceptual motor skill learning is in a very rea seme 
the study of a large segment of the Held of psychology However, there 
are two reasons why skill learning is not an especially appropriate or useful 
subclass of learning situation Fust, the theoretical framework w.Uim 
which skilled performance is now being viewed by most s “^ e 
topic is such that sharp distinctions between verbal and motor ' 
or between cognitive and motor processes serve no useful S ^| 

since the processes which underlie skiUed perceptual mo.or pcrforman 
are very similar to those which underlie « 

those which are involved in problem solving, an P j an£ j ’that 

should expect to find that the laws of learning are alsc ' “ , 

no advantage would result from «ea'ing mo ° between verbal 

separate topics I realize, of course, that the d. tmenon anii 

and motor processes is often a convemen rlc „f of learning For this 

that the distinction has been common m “ f |cncral d.s- 

reason the first part of the present c ap er is ^ s l c ,Hcd performance 
cussion of present theories regarding e na _ between \crbal and 
and to an effort to establish the close relationsh.p between 

"IS”.. learning has fluctuated widely over 
rather high around the sturn ^of the .century^ rC ccnt resurgence of 

remaining low from about 1910 . flv from influences outside 

mtercst m the topte of sk,U has resulted cbielly fro . n ml3amm tor use 

of psychology I refer to <hc operations and to the parallel 

in control, communication, and P . relating to such processes 

development of theory and -*-**-* ^faring psycholog, ca 
These models have proven to be (ramc „ 0 ,h withm which the 

research, and in of behavior, and vanous learning 


ICSCdlWI, wllivi «*» f ^ 

similarities between different aspcc • ~~ . u s M r „«. Oi-ue 

‘This chapter is based in part on rcse *" h A p P a9 ' ‘(6J8)-US 
of Scientific Research. under Contract So^AF 
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situations become more apparent The heuristic importance of these models 
is further justification for devotmg the first part of this paper to a con- 
sideration of their implications for learning theory 


Definitions 


Definitions and Taxonomy 


motor^MI 7‘ To™” ° £ ^ area eDcom P asse d by the term perceptual 
rns SoTi™ V ‘™ S 0f man y st “ dents of human leant- 

and to thr- H e%ote d to specification of some defining operations 

Fnstofah' V lt77 ° f ba ,7 round ,nfonna "™ a « 

perceptual or motor R° the term sfcill> rather than the terms 

receptor-effector feerih \ 3 slu ed res P° ns e I shall mean one in which 
and temporally Thf centralTroble 7 0rgamzed - 130111 s P a “ a11 )' 
hc. such orgamzauon or palming" me's luT* ° f *“ “ 

ba™r77"e„7?f^7l e , 8tOU 7 arc “ - a particular be- 
portant than the question of ' t ‘f cldental and certainly no more lin 
of the basilar membrane •m."' 7 'I' 1 ” 31 e,cmenl s or which segments 
The more levTusue fn ■< “ de “ ;aill S a stimulus paTtern 

** spaual temporal Tganirauon ’7 crstandu) 5 of shill „ Uie nLc of 
which often are relatively mrt ? receptor effector feedback processes, 
elements initially involved ependenl of *0 specific receptor or effector 

recent workers in the ficltTsuhse 5 7 lhe Vlew of sklU lo which most 

“, hB H ‘™ Symposium lecture o^ ”^777 by LasUcy (1951) 
Behavior," where he dealt with the Problcm oC Serial Order in 

action” Advocaung the communal 77 arrangement of thought and 
learned behavior hi ^^mnt forms of leamlig and 

' 0 ™ ““ ul, 'S rat ‘ v ' fmeuons 

?oS!S““ “ t H°r higbcs. 

'“suree the 77“? Tempos mUpauon „ 

m 2!' bM ' “"'nil or .77 ’“,"“' " s m insects 
maze the archUect m a gated horse, the 
d Present a problem o[ seijaenLI ot 7 “T*” 1 " **w 

Later, Ul discussing ^ * Of action. 

which he referred lo 7 problem of temporal integration, 

speech but au skilled acfc 7™ Jo ° T 0 ”*" he a 'S a ed that “not only 
ordering, even down to the temporal 77“ ‘ b ° SMC P robIcm s of serial 
7 h 1 mo ' cmcm as rcachu7 a „d dmaUOn of mus oular conlracuons 
Spanal tempera, (1951 - P 123 > 

*P y °f receptor-effector feedback 



Skill Learning 


245 

processes, and such characteristics as timing, anticipation, and the graded 
response are thus seen as mdentifying characteristics of skill Examples 
of such behavior may be found on every hand Some forms of stalled 
behavior involve gross bodily activities, such as walking, miming, jump- 
ing, dancing, swimming, and balancing Other forms of stalled behavior 
mvolve segments of the total response mechanism, as in reaching, grasp- 
ing, and manipulating A great many skilled activities in the e o typic 
human bemgs today mvolve the manipulation of tools and objects or the 
control of machines, as is the case in writing typing, p aying a mm* 1 
instruments, sewing, driving a car, piloting an aircr t, p aying ’ 
throwing a ball, doing assembly work, or operating a rotary pursuit 
apparatus in a psychological laboratory , h , 

The use of knguage, under this definition, clearly is a form of h ghly 
skilled behavior However, in the interest of restricting d af a 

to manageable proportions, language learning wi no e 
primary problem, except insofar as it is necessary » 
of perceptual motor skill so that its relation <° ^ ((j co jJ lUoning , 

solving, and information storage (memory) p 
paired associate learning, etc , is clarified 


Elements of skilled perjormance Rousts, and 

teming of a behavior process immediate y „ n der sW dy a rc 

the researcher, with the quesuon of analysis is a necessary part 

to be analyzed I assume that some o e| J jer de als directly with 

of scientific study Much of the present PP MCCS or discusses 

this question of the basis for ana .pis haod l e d the issue in a satis- 

data from experiments that appea 

factory manner MM91 1S clearly the p$>cho!ogist 

(1937) ' amoos 0,hcrs ' 

have made important contribuuons n , havl0r , Woodworth (195S), 

In his later book on the Dynamics Qf m the 

extended his earlier (1899) V1 ^ c f ‘two-phase motor units, 

time domain can be understoo ..polyphase motor units’ under c 
which usually occur in sequences o P° >? „ tatKr tons Trolands 
intcgratmg influence of “preset and retroflex, 

(1928) term for feedback mo-phasc motor units arc uie 

There is general agreement iha tjj^, ^ t} 3nd , cn ,porally organ- 
building blocks out of which a 
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lzed motor sequences The act of jumping may be cited as a typical ex- 
ample of a unified sequence consisting of a preparatory act (crouching) 
followed immediately by the act itself Hitting a golf ball is another ex- 
ample, here the backswmg is the first part of the two phase unit The 
total time interval consumed by such a behavior unit is usually short, 
often about half a second Polyphase motor units, in simplest form, con- 
sist of sequences of two phase units Walking and rotary pursuit perform 
exam P* es Although these ideas are found in Woodworth’s 
1958 book, they are also clearly present m his 1899 paper on the accuracy 

irfTl mov ™ ent b paper, for example, he made ex- 

P . * subsequently accepted by almost all workers in the field, 

of Its mtt flt em ° r A l yP lcaI two_ pbasc motor response is set up in advance 
sensow feedh^u T y be umnnueDced during its execution e.ther by 
clude7that in ve’ °‘ ^ "T mdependent sensory inputs He also con- 
targets more P ° y P hasic res P onses » such as tapping successive 

2Ed .! tw °- phase resp “^ “ay be preformed and 
the analogy between ?k o'”, 8 ’ ^ ™ pre P arau °“ for later reference to 
program for t " leanun S and !ha development of a spectfic 
setting up of a two nh SS1 ° 8 system ' 11 IS mterestmg to note that the 

corres^ds ,n r/waysrt^ 0 ""’ “ of * 

and that a repctimJoolmhn, * “ S Up ° £ a ““P”*” subroutine, 
to what ts called a hop? * Um ' correspoads m computer phraseology 

taxonomic disuncuons ran''m^ t |^ $ 3 atarlm S P° lnt > several additional 
specifically with perceptual motor b vir ade Altho “S h are concerned 
equally vahd fo/othe^ types of talks^’ many ° f the ’ aSk d,sunct,ons are 
Task continuity One nf tv, 

a task is its spatial and temporel ™ p0I l a ” t general charactenstics of 
back may each vary independent,, U " aity Sulce “put, output, and feed 
binations arc possible Th^nv, \ Ie S ard ,0 eontmuity, many com 
“« ntay also be mlS? °' temp ° ral or s P ada l dtsconttnm 

be d.scnmmablc,S “ n c f tc«^ ‘V d ' 1 sconUn ““es are so small as not to 
Unuous tasks cornam marked d ‘ S conlmu °us Conversely, rf con 
from tile S' s viewpoint. ^ 10 lcltles - then they may become discrete 

■The source of pacing m , v . 

either scrral or continuous tL* lm Portant task characterisUc In 
““ 'JP'ag or dm mg a car Or ih. SCl 1115 own ralc (self pacing), 
■akrng d, canon or ° r J he ,ask “ a y be externally paced, as B 

Turk coherence -The " 8 r, mo ™S tar S c ' 
hasror immediately suggests SpaUal lcnl P <,r al patterning of bc- 

the se^nXgataSrks 0 '^ “ 1 l °' 

asfc “ s Th c B cn eral term coherence 
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will be used to identify this task dimension, and tasks will be considered 
to differ in degree of coherence The two most commonly used quanuta- 
tive indices of coherence include degree of relative redundancy, and 
degree of autocorrelation As an illustration, the rotary pursuit task is 
100% coherent or redundant (if one assumes a perfect time clock or 
time sense) once frequency, phase, and amplitude are specified Normal 
language behavior is variously esumated at around 50% redundant 
Tracking and information-handling tasks can be made to vary m co erence 
over wide limits, depending on the choice of input sequence by the «. 
penmenter, although it is seldom if ever possible m prac ce P 
a completely incoherent contmuous signal (one w c ls 
frequency) It should be noted in passing that there is a trend J 
areas of learning research to substitute the concept o[ coherence i for * 
of meanmgfulness Thus word association norms and metres of 
strength of populauon stereotypes in perceptua mo or w j, ]C h 

as defining the degree of coherence or stereotypy ^ coherence 

5s bring to our experiments It is as important to specify the coherence 

of response sequences as of stimulus patterns mdeoendent defim- 

Complexity —Related to coherence, but capable* mdependen, ^ 
non and manipulation, is the complexity responses or trans- 

complexity refers to the number of # st0tl5 ’ lical P or probabdisuc 

formation operations that are possi ( sp3ce or urac ( m 

- 5. — 

is less complex than that of an aircraft of alpha numeric symbols 

A sequence of binary symbols or <1 The tem poral mtervals bc- 
may be either highly coherent or me frequencies of a contmuous 

tween significant events (or the comp coherent or incoherent, 

signal) as well as the events themselves, 

and the events may be closely or wi e y^P m addition to contrnu- 

Although there are im P ort “‘ 4[tc arc sufficient to spraty roan f 
ity, coherence, and complexity, 0 f perceptual motor task 

of the most important general c a defining operauons for eac 

It should be re emphasized however, that * ■ * or responses 

of these dimensions are applicable to any sequenc 


Theoretical Models 

It is not possible, m tins P a P e|. 
study of skill learning In particular, it is P° 
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the three types of models which are stimulating much of the contemporary 
work in this area Nevertheless, a brief reference to each is necessary 
I shall assume some preliminary acquaintance with the models, and re- 
strict my remarks to an emphasis on a few general concepts derived from 
eac , especially those regarding control and communication processes 
which are most relevant for learning theory 

Communication Models 

Rather than viewing perceptual motor behavior as a senes of motor 
ablvnum ma e * rCaCh 50012 goa1, 11 ,s possible, and I believe consider 
aamTIZ b ' 5UCh behav,or 25 211 “formauon processing 

mumcauon ccmrl f 0 ™ seneral P laa or program Information and com 
and can easily he P t”! H° W h 6 " 1 ® a PP lled 10 many kinds of processes 
mcasu” “i y ,,^? tendcd 10 “° deIa of ^ed perfonnance Infonnauon 
themselves do ml" “ ? uantlf 5 ,u, S <•» processes .nvolved m skills, but m 
the nature of the ^ theory about human behavior or indicate 

non of an *fo,“^ 5 •&* to hum2a skdls Analyse of die opera 

sulL“vcralT Z I " da,a P'°“ssmg system, however, has 
on ps)cholog,cal theoiy 1 “ “* be ® mma S tD =«rt a strong mfluence 

Thus skilled rarMptuaT^mT pr °? ess,n & 15 one such general concept 
operations such as informal"' P erfo ™ ance can be viewed as mvolvmg 
forrnauon rcducuon information Sff 10 ”' tnfonmton transmission, in 

ton of mfonnauon (or ™ noise) Info”’ “ d ™ SOmc *0 ® eDera 
of course * information storage is also involved, 

A code consists of an'Sphabet'nl^a'" 8 f S'teial concept of coding 
of an informauonal analysis of P K.h S)S em o£ constraints One goal 
■n human behavior, including 1!” ' 5 lo s P cctf )' ^ tod® involved 
'"puts to mans sensory chid h® 11 ’ 1 P«>cesses as well as the 

It should be noTd n “u h “ reS P onsc 

discrete or conunuously vamhtc ‘^ onnatlon codes may employ 

of mfonnauon measures and ^m ^ H °* e%cr ’ «ost of the uses made 
involved the assumption that man'^s'd' 101 ’ ' he ° Iy by P 5 } 1 * 01 ^ 1515 have 
nzes infonnauon discrete codes i e , that he catego- 

dichotomy between verbal rmTnwtft 5 ^ C ° ding u onc reason why the 
and motor learning does not annear t P J° CCSSCS ’ such as between verbal 
to ** Man a very W nuSw ? 35 ,ra P°rtant as it once seemed 

» an important topic However th^ “ formatlon codes, and this in itself 
^ can be considered independently 10 f°™ aUorial characteristics of any 
^ y of Particular code employed. 
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Control System Models 

The feedback control system or servomechanism came into widespread 
use during World War II, although regulators and similar devices had 
been known long before At about the same time, work on skill learning 
received a strong impetus as a result of military interest in selectmg and 
training aircraft pilots, gunners, and operators of other complex machines 
It is more than a coincidence that the pilot s job in many respects, cor- 
responds to that of an autopilot, and that the variables which are con- 
sidered by the design engineer in perfecting an automatic control system 
are analogous in many respects to the task variables which a ect t e 
learning of a pilot Several very general concepts of significance lor 
psychological theory have been borrowed from control systems, o w ic 
the autopilot is one specific example F V Taylor (1957) c e sue 
very general models metaconcepts, referring to their usefu ness in n g g 
the interface between physical and psychological science iey 
be equally useful in revealing commonalities in the field of 

''me most generally used control system concept ts 
As noted previously, the rdea of feedback called by such n m« usjetm 
flex and backlash) is an old one in psychology e J! But ^ US e 

ureut learning theory also 

of the feedback concept in a precise sense is y £ nd a dis _ 

the precise specification of the nature of the ec necessary 

Unction between rnput, feedback and drs r ubance or * 

before feedback theory can be made q « Iro j system proc- 

is important to remember that an 1 ™P°'‘ an ‘ ' “ hlch lhc , n put is a fixed 
esses are those performed by regulato , roil , n tenancc of erect 

reference quantrty, rather than a vernblc U tf.hcs. tmulauon to wbteh 
posture is such a regulatory process » f dislur bancc 

a person rs respond, „g rs e.drer feedback the ncarcs. 
Dnvmg a car on a straight road is § suc h Q sltU ation is 

we can come to identifying the wpu s . the inferences 

to specify the rules or instructions e as ‘ ° ’ rcS ponds entirely to 

we make as to his goals or purposes 

feedback which tells him about his prev ^ a mathematical rep- 

Another useful control system conce 1Ic j a transfer function 

resentation of the relation of oa *P“‘ ° ,L’ djnamics of a system, con- 
Given such a mathemaucal specifica order to predict performance 

trol theory can be applied by the cn S‘” desired property Most 

or to modify the system so as to around questions of how 

problems m control system opumiza 
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to modify the system transfer function directly, if this is possible, or if not, 
how to adjust feedback so as to optimize system performance With respect 
to feedback it should be kept w mind also that many different functions 
of the output may be fed back for comparison with the input Thus feed 
back may consist of integrals or derivations of the output, or samples of 
these or other output values As a corollary it appears that the human 
operator of a dynamic system must also learn the nature of the system 
dynamics and discover what behavior on his part will optimize system 
output This is true regardless of whether the task is a very simple one like 
throwing a rock or a complex one like controlling an aircraft Thus a 
rock has mass, the air offers resistance to its flight, and the rock-thrower 
must adapt to these simple ballistic characteristics An aircraft, of course, 
has much more complex characteristics, not the least of which is that its 
-BTir C , 0ntr ° 1 m P uts var y as a function of altitude, airspeed, weight 

of fuel aboard, and many other variables 

continiinu ^ C information system, a control system may be 
Rreatcst emnh^K 1S Th te ^ 0Wever ’ the continuous system has received 
referred d , US ’ two models we have discussed are sometimes 

information svstem * “u s y stems > respectively Of the two, the 
task mav also bp ^ ^ t * lc morc general model, smee any control 

task 16WC 3S E s P ecia l case of an information-processing 

Adaptive System Models 

mg modeU^s iraued^b/tte FaTlhat'Ih USefulness of •*“ tw0 pre “ d ; 
change their charactcrisncs as a slaUC ' 1 e - ^ do ” 

IS overcome m large Dart bv ih» f “ ncUon of experience This limitation 
tivc systems with memo / c ac£a Pi ve system mode], especially adap- 

^rLT 0 ?;rzr°™™ st ° r •*> «*■* y 

and biolograi scientist/ One FuST? ™ carTen,1 y o£ ln| er=st to physical 
feedback systems Others ,!, 0 ’ lp ° f “‘entists is studying adapuve 
automata and the hke Soil mil '" 8 arUfic,al mtclligence, growing 
processes whereby stored nrn» Cr Sr °“ p of lnv esbgators is snidymg tie 
Utnr own prograL Ful^” can ba ®«*> «° modify 

will undoubtedly appear / c °^° ns °f the adaptive system concept 
Basic to the adaptive Tt (lCC ^ 1960 > 

Programs arc provided for carrv ^ cxistencc of hierarchical processes 
other, higher-level proeram* out ^ asic or roulinc functions, and 

1960) arc provided for modifv ^ ^ SCC ^‘llcr, Galantcr, & Pribram, 
of accumulated information AuVl?. UlCSC lo "cr-ordcr ones on the basis 
intrinsic to the successful operation of an 
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adaptive system are three specific kinds of processes (a) one that insures 
variability m input or system parameters, (b) one that provides a criterion 
measure, and (c) one that results in the system changing or maintaining 
its program or parameters so that over time it will tend to achieve a per- 
formance level which is closer to the optimal One of the simp est sue 
mechanisms is one that constantly searches for an optimum, ut as a 
short memory so that it makes no use of previous search procedures and 
attacks each new problem in the same way The stored program com 
puter does not have this limitation Newell, Shaw, and Simon ave poin e 
out that 

The real tmportance of .he d.gt.a. computer for the U-eory of h , E her me.ua 
processes lies not merely in allowing us to re ize P foun( j cr 

metal” and outside the brain, but m providing us with a 
idea than we have hitherto had of the charac ns i , /j 958 p 

possess ,f it is to carry out complex information processmg tasks (1958. P 

163) . . 

The same writers also assert that many of “the 
plagued the theory of higher mental processes udtfter 
chology disappear when the phenomena ar skilled activities 

(1958, p 166) The concept o£ behavior organra d f d m suc h 
also beL.es much clearer and more operauonal when defined 

terms rf,»rrele More commonly. 

Adaptive processes may be continuous hichcr-ordcr processes 

lower-order processes may be continuo ’ , 0WCMr df r ones usually over 
are discrete, i e , effect discrete chaog m found in conncclion 

a relatively long time cycle As an i us » , theory to human 

with early efforts to apply linear, static- of nme an d f 0 r limited task 
trackmg performance that over short p described adequately by 

conditions human trackmg behavior m y . f f unc tjon but that over 
means of a fixed linear model or simp e exhibit discontinuiucs 

longer periods of time tracking behavior Y 

and be highly nonlinear „mmisiae model of an adaptive 

For the student of learning, the most P data processmg system 
process is that provided by the store "P £ modlfed , s0 as to become 
The subroutines of such a program y „ p roar am, which caffs up 
more efficient, or the higher leve e however, the program it« 
the various subrouttnes, may be impro ^ „ hlch „ operates at a 
is quite independent of the fof m2D y different communtca 

given time Such programs can be wr {rom ^ processing of 

Uon, control, and data processmg vary t, 

sensor inputs, to tracking and p ay S 
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A Composite Model 

In summary , if one views perceptual motor skill as a composite of 
communication, control, and data-processmg activities, then the perceptual- 
motor tasks that we ask 5s to learn can be specified by reference to the 
a stract properties of sequences of events or signals (such as their conti- 
nUl ^ L CreilCe ’ complexity), to the dynamics of the system (as 
S ^, C1 C . ^ 5 s trans ^ er Unction), to the nature of feedback functions, 
1 ° 1 e Sl ^ r ° uUnes and execuuve programs of an abstract data process- 
SUCh a Seneral £ramewo * It is also possible to employ 
formsimn * ^ ^P 0 ^ 01 concepts such as information codmg and m- 
sZlT JnM 7T a and pr0£eSsm S' important, to develop 

It rerminc to ^ ° ada P tlve 00111101 and information handhng processes 
SI * ^ h0W 8“ eral framework will aid us m un- 

demanduig the nature of skill learning, and how general the frame- 

be the orto touched 0 ?* ' SSUC be consldered within this framework will 
the basic unit or elpnf 01 # C ? r ' CI / when tfl e quesuon was raised, What is 
is the suitability of Sb kd P^onnance’ The fundamental issue 

skilled performance 00010 “ C0Mrasted w " h * continuous tiodel of 


Tim CoNT.N UIT y. DlscONT1NUITY l55uE m Skill Learn[no 

m learning 6 . Wllb one “P 1 *! of the continuity issue 

continuous or disconLnuousv'A.f 00 changes gradual or sudden, 

‘ insightful ’ reorganization u u exara P le 15 the noUon of sudden or 
raises another aspect of tho behav,or The study of skilled performance 
has already come up repeate^lv^oT^^^ 0111 ^ lssue ’ 30 which 

(or analog) vs discrete (or h ^ U !. Ule P rec edmg discussion of contmuous 
the continuity of *££?%£«***' ** issue concerns both 

undcrt >“'8 perceptual motor ?£“““■ and the ° f 

recent students of skills 565 This lssue has interested many 

The issue is an ° P e “ 0nnan ce 
model that is appropriate die 105 wer dictates the kind of 

that arc most appropriate for cx P en mcntal tasks and methods 

«y of much current research on h U ^ ° f 1x1 P artl cuIar, the general- 
hinges on the answer to this i«i,„ ulforma tion handhng performance 

mg and performance needed n n . sIl0rt * arc two theories of skill Icam- 

tasks. or will the discrete mnd.T f * 0001111110115 and one for discrete 
sources of evidence on this issue , SUfii . ce for 1x1111 types of tasks'* The 
rc diverse, and none of the data arc 
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highly conclusive We shall therefore review several lines of evidence 
briefly 


Evidence on Continuity-Discontinuity 

Limited capacity for discrimination, perception, and short-term memory 
—It is clear that most perceptual-motor tasks require discnmmauon 
(usually on an absolute basis), classification, and other perceptual proc- 
esses, as well as short-term memory and response differentiation ese 
processes are usually earned out under a certain amount o time s ress 
Very significant, from a theoreucal view, is the close agreement among 
estimates of the absolute capacities of individuals w accomphshing these 
different functions (see Miller, 1956, and Newman, 1 ’ of a JL 

Capacity for absolute judgment of stimulus magnitudes, span l P P 

lion, short-term memory, capacity for the discnmmauon o P P P 
feedback, and capacity for the reproduction of quic move COD lrol 

to be very closely matched when viewed as information and 

Now this in itself is not conduS ^' d ‘]' ld H°“ £ ver ^itTs entirely 1 con- 
discrete or the continuous type of model A discrete 

sistent with the concept of a system that ban . ccomp lished in scries, 
“chunks," that employs numerous steps which are accomphsneu 

and that consists of matched components tbe writers 

Intrinsic periodic, lies in response P a ''* rns ,. molor s kdl was Craik 
to raise the continuity issue in relation top P graphic records 

(1948) who observed highly consistent s ^ w jj 0 track, a 

taken m continuous tracking tasks He c0 " c rcS ponscs which 

constantly moving target often show ,rre #j mU ch more marked 

recur once or twice a second Such irregu w j 2 ic h is reproduced from 
early in learning than later, as shown in «g ^ nfortunately> several types 
Fitts, Bahnck, Noble, and Briggs (in press; aphlC records First, 

of artifacts arise in connection with the use unreliable, so that it is 

direct visual analysis of graphic recor s 1 analysis Second, the pres- 
necessary to use autocorrelation or reque cy Q f ( h c same fre- 

ence of penod.ciues m the y S error record M(roduccd b y S 

quency as the mput tends to obscure J r autocorrelation records 
himself Such effects are clearly shown i pracucc is continued, 

in Fig 2 (from Fitts, Bennett, ABaha&norj. r ^ cff0r rccord . 
less and less of the target penodiaty co by 5 also become less con- 
but any addiUonal periodicities obtain autocorrelation recor s 

spicious A few efforts have been ma of cons tant velocity m P u * 

of error early in rrackmg t a, ks hawng “rc, - has not 

(thus avoiding the input frequency artifact). 



254 


Paul M Fills 

been sufficiently exploited to provide us with conclusive answers At 
present, therefore, the data merely suggest that Ss may, at least early in 
a continuous tracking task, make intermittent corrections at a rate up to 
about 2 per sec , but we cannot be sure of the effect 


WWW 



c 
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sec ) sinusoidal target mouoiwct ^ ckui 8) responses to a slow (one cycle per 4 
responses T"" 15 shown in A C and E are the Ss 

and later in pracUce Note that th*’ 8 ^ D 316 corTes P ondin g error records, early 
a frequency of 1 to 2 per sec C UTC ^ u anl,es introduced by the S appear to base 

movements, howcveT These mm*™ make falrly smooth ’ “nunuous 

« least several seconder several cvcleTnf™ 5 T ^ pen ° dS °i 
can be earned out fnr ^ » , c ^ c es of a polyphasic response and 

tcrocepuve feedback If w 6 Wlt ^ thc c y es dosed and no apparent ex- 
coherent responses carcfnli^ , CXanune S ra P hlc records of such highly 
tatit m a visually controlled “ We pUSh S ^ 

odicity, such as penodje ’ may a 3 ain notc evidence of pen 

responding every several cvete m ,,w am P ,llutJ c or frequency of 

» the "human faqXTst S “ ch ,' ™ d “« » apparent, for example. 
Fills, 4 Warren, 1955/ A J? ° daUl sho ™ Fig 3 (from Noble, 
several cycles per second S T CrC lrac ^ ,n 2 a sinusoidal input of 

adjustments in Ss' behavior won h 0 899) observed similar penodic 
more than one biphasic dotlu, S tasks - and concluded that 

a uni. Pnas,c “ovement may be pro selected and emitted as 

most commonly studied r ‘l racl °iy period — One of the 

ns ics of perceptual motor performance 
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been sufficiently exploited to provide us with conclusive answers At 
present, therefore, the data merely suggest that Ss may, at least early in 
a continuous tracking task, make intermittent corrections at a rate up to 
about 2 per sec , but we cannot be sure of the effect 

wvwv 

A 



4 sec 

Fio 1 Periodicities in motor (tracking) responses to a slow (one cycle per 4 
sec ) sinusoidal target motion. Stimulus motion is shown in A C and E arc the Ss 
responses early and later in pracUce B and D are corresponding error records, early 
and later in practice Note that the irregularities introduced by the S appear to base 
a frequency of 1 to 2 per sec 

Subjects are certainly able to learn to make fairly smooth, continuous 
movements, however These movement patterns may last for periods of 
at least several seconds or several cycles of a polyphasic response and 
can be earned out for a time with the eyes closed and no apparent ex- 
teroceptive feedback If we examine graphic records of such highly 
coherent responses carefully, however, especially as we push S to some 
limit in a visually controlled task, we may again note evidence of pen- 
odicitj, such as penodic adjustments m the amplitude or frequency of 
responding every several ejeles Such evidence is apparent, for example, 
in the * human frequency response” data shown rn Fig 3 (from Noble, 
Fitts, & Warren, 1955), where Ss were tracking a sinusoidal input of 
several cycles per second Woodworth (1899) observed similar periodic 
adjustments in Ss behavior m senal dotting tasks, and concluded that 
more than one biphasic movement may be pre selected and emitted as 
a unit 

Reaction time and the psychological refractory period — One of the 
most coramonl) studied characteristics of perceptual motor performance 
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Fxq 2 Autocorrelation records of manual tracking error records at different stages 
of practice, for a pursuit and a compensatory display (from Fitts, Bennett, A Bab- 
rick, 1956) 

is human reaction time in tasks where there is temporal or event uncer- 
tainty It is very difficult to measure reaction (lag) time in a continuous 
task But it is easy to present two discrete stimuli in rapid succession and 
to observe the effects of the second stimulus on the reaction time to the 




►4 SEC* 

Fig 3 Periodicities in motor (tracking) responses to a fast (t c)c!e/src> 
soidal target motion (F) The motor response of the S is shown in G and error in 
H Note lhe scalloping of ibe responses in G 
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first, and the effect of the first S-R event on the reaction time to the 
second stimulus At least it is easy in principle A substantial amount of 
research has been done on this problem The results clearly indicate that 
a preceding stimulus may delay the response to another stimulus which 
follows it if the interval between the two is between about 0 1 to 0 3 sec 
These results, however, have been interpreted both as an indication of the 
validity of the discrete model, and in terms of non-optimal set or ex- 
pectancy 

Hirsh and Shcrnck (1961) report that two stimuli must be separated 
by at least 0 40 sec for their order of occurrence to be discriminated 
correctly 95% of the time Such data are congruent with the theory of 
a psychological refractory period, as advanced by Craik (1948), Hick 
(1948, Welford (1952), and others This theory suggests that the time 
or a sing e complete response cycle (discnminauon of stimulus — response 
— discrimination of feedback) may be Ihe basis for one kind of human 
mtermittency 

a In l° r ™ atton r handl ‘ n 8 rale in continuous, serial and discrete tasks — 
Another line of evidence bearing on the continuity issue is the comparative 
S m f in / orn \ aUon ,n dlff erent types of tasks Most estimates of 
h r ° J^ onnance m s P«eded perceptual motor tasks have 
such i t0 35 j bllS pCt second for h'ghly practiced Ss in actmues 

Pie«J V£ a ? mg inSx mg ’ p,ano and Wng (Newman, 1959, 

rale ** '"v Although the upper limit of information handling 

(Alluisi iqT-ts 6 ^ Wlt !? scveraI enables such as learning and coding 
?° °, nC bas as ^ ct P ro P° sc d that the difference between 
connection c/ 12 !. taS S> se ’ ,s an especially important variable in this 
nrcssmp fnr S « Cnt rcad,n g’ continuous tracking, and serial key- 

ance capacity 0 * 3 ™** ** * S ' Ve rou S hI y sim,Iar estimates of peak perform- 

a F,lts ’ and Allu,sl < 1962 ) wh,ch used both 
stimulus and , V T g ° } T dcla y bctwccn ««* response and the next 
v, amine S u»n*»t *» dlscrete reaction time task employing a 2 sec 

of scril and d V° bctwccn sUmuh provides a direct comparison 
arrfr ^ rCSU ^ (seeFi S 4 > ,ndicat e small 
fewer for th/d f Cnt dlffer cnccs in the two tasks Errors were slightly 
the Ln cL 't but res P° nse were sl.ghUy shorter for 
a crue on ^r thal ^ Cn ratC of “tonnaUon transmitted is used as 
studied pCrf ° nnanCC ,s ' Cf y «rn.lar m each of the four S-R tasks 

rate m controllmo°ih /^, 4 ** * P ub hshed some data on information 

Subjects atiemntp t ? am P ll,udc of movement in continuous, cyclical tasks 
Ejects attempted , 0 make altCfnatc h||# on targcts ’ ^ s shown jn 
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. This can be classified as a 

Fig 5, working as rapidly as the, ““J? discre tely) since the two 
continuous task (although hit were n0 enforced pauses or 

targets were continuously presen required movement accuracy 

discontinuities Movement ampi movement cycle and 

were varied systematically, an ave g & Peterson, in press) have 
errors were recorded Recently, -0*^ typical 2 choice 
completed a similar study using discrete F m F 6 Subjects were 
reaction time experiment The appal W ^ ^ poss , b le after „ light came 
sometimes required to hit °” e , pair would be used), at other 

on (knowing in advance which light- 8 P ^ ^ as onc of , M possi- 
times they were told to hit one d m both tasks, in the 

ble lights came on A 2-sec warning s gnal was # jly , 0 5 

1 -choice task, the one stimulus reaction t , mc was found 

after the warning Under these relationship between mos 

,0 change very slightly as a func hon o he ^ ^ slud using 

ment amplitude and accuracy The latter ? studies the 

continuous and discrete tasks are s f^d linearly as a function 

average time taken .o execute a movcmcn. m mcnt w required to 

of the amount of information which 
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generate However, the continuous task was considerably less efficient, 
1 e , comparable movements took considerably longer than they did in 
the discrete task A likely explanation for this difference is that m the 
continuous task, Ss had to insert a reaction time every few cycles of the 
movement in order to evaluate feedback data and keep the process under 
control This idea, of course, is consistent with earlier notions of Wood- 
worth, Welford, and others regarding human intermittent Furthermore 
time in contact with the targets was included in the overall time for the 
continuous task, but was not included in movement tune for the discrete 
case 



Fio 5 Apparatus used in studies of the effect of movement amplitude (A) and 
target width (required response accuracy \V) on rate of responding in a continuous 
task (after Fitts 1954) 



6 uicd in s,udies ot 1116 'ffect of movement amplitude (A) and 

• t . on reacllon time an< * movement time in a discrete two-alternative 

tiit (after Tuts & Peterson, in press) 

Finally the data on eye fixations in reading and similar visual tasks 
should be mentioned The motor system of the eye is very efficient but 
its maximum rate is about five saccadic fixation movements per second, 
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1954) 


and in many perceptual motor tasks, up S such circum 

is only about two fixations per scco , P o[ imm cdiatc memory 

stances is clearly discrete, and since , nneortvvo 

capacity are that the 5 can hold on y e “ usc b „ a system which is 

fixations, the eye seems to be wel " p vorth 0 f data per response 

operating discretely on one or two eye fixations 
cycle 


Summary and Implications vcry conclusive 

Although the evidence is quite uc _ „ docs appear that a dis 

with respect to the continuity disco y m con „ nu ous as well as in 
Crete model is adequate lot dcscri ii S ns in m f 0 rmation processing 

discrete tasks Viewing skilled F r “™ , frora fcc dback and adaptive 
task, but making use of concepts slj] | j ca mmg might take the 

system theory, a model for pcrccp discussion see Tilts 1962) 

following general form (for a men compl = » nclcr bcfm , the ac 

An adult or even a cbihl • ■ f “ “ ^p. from .he background 
qu.sit.on of a new form of Sped, bod. general and specific 

of many already existing highly develop 
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skills Thus the initial state of our model is not that of a random network, 


but an already highly organized system possessing language skills, con- 
cepts, and many efficient subroutines such as those employed in maintain- 
ing posture, walking and manipulating The number of such identifiable 
highly developed skills in an adult is certainly in the hundreds, each having 
its own executive program and ltbrary of subroutines, many of the sub- 
routines being shared with other skills 

Learning to swim provides a typical example of a skill that is learned 
against a complex background of already existing habits The first (hy- 
pothetical) step in such learning is the setting up of a general executive 
program What usually happens in such a learning situation is that S listens 
t0 ». ,n t^ t ^ UCUOnS, observes demonstrations, and tries out different routines 
which he already has available, until somehow or other he gets started at 
stage ^ ^ Veibal mediat,on P ,a y s an important role in this early 


v . n e . sec l uence of behavior processes employed early in learning 
low* tI c e . l ^P C of actlvlt y> of course, but might be somewhat as fol- 
•h,o in f. .° serve * or samples certain aspects of the environment, puts 
sion such 0I i *? Sb ° rl tCrm stora S e after s °me recoding, makes a deci- 
pattem pxrrw CC lng , an a PP ro P r, ate subroutine which sets up a response 
phasic movement 3 S ° r ! bebav,or se qocnce such as a biphasic or poly- 
responsc dIik ? S the mternal and external feedback from this 

recodes and storre th 10 ™ stl ™ ulus “formation from the environment, 
Xmauon 2 “ T mformallon <>" the process losing some of the 
might be to use a rf rr S ° rt t ? in stora 8 e ). make s another decision which 
th^ subroutines be ' ° Utme ’ and S0 00 As ^armng progresses, 

is perfected the stimuli 0nger ’ the executive routine or overall strategy 
more efficient and differ Sam P m S becomes less frequent and the coding 
coordinated (such as kickme ^ acliv,t y bccom c integrated or 

ming) In other tvnr-; nf breatb,n g, and use of the arms in swim- 
Icss coherent than tas ^ s » sucb as those which arc 

strategics and decisions proofs *1 im P rovem ent may take the form of 
ciatcd with stimulus sequences A f 1 *” ada P tcd t0 the probabilities asso- 
may come to resemble mnrr. | S carnm S continues, overall performance 
overall program having now kL-" 101 ^ Cl ° S ? ly a continuous process The 
need to be made in u How . * perfected, frequent changes no longer 
come more efficient and thi« C <:! r, if Ubr0Utincs mi y cont, nuc slowly to be- 
cntire behavior process whiV ? CC0 . mc mcr easingly able to carry on the 
w, th htllc or no interference k,., nga ^ ed s, multancously m other activities, 
Such a general / crh ^ u VCen thc two 
quite fatm'iar to anjonc whohasread ’T™ 8 P robab! y sounds 
read the older literature on this topic 
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Consider, for example, the following brief quotation from Bryan and 
Harter (1899, p 373) on the learning of telegraphy 

A plateau in the curve means that the lower order habits are approaching 
their maximum development but are not yet sufficiently automatic to leave 
the attention free to attack the higher order habits 


One of the most important advances made in the years since Bryan and 
Harter’s studies of telegraphy is clarification of what is meant by a program 
or plan (see Miller, Galanter, & Pribram, 1960) governing a sequence of 
operations The present writer has been working for some time on a com- 
puter program to simulate a hypothetical batter hitting a basebaH, the 
batter having available sensors for sampling the flight o t e a ' a 
puter for determining azimuth and trajectory, a memory or 
“lore,” a probability computer and the like, but operating m ^a . 
time with an assumed cycle time corresponding to a uman ^ , 

Th,s does no, appear ,Z be an appropnate «» 

automaton, but my own conclusion is that if g P nrobablv 

programmed to play chess against a human opponen » Dltc her a skill 
be programmed to hit a basebal. thrown hy a£*d ‘ “ 

not to be dismissed lightly, since m many r p 

plex than that involved in playing chess be treated as , t the 

In the remainder of this paper, skill ^ my colleagues who 

discrete model were the appropriate one 1 lhs number of discrete 

like to enumerate stimuli and responses, conclusion and will 

reinforcements, and the like, will be p ease guch things as ra te of 
find it acceptable if I now sometimes ^ conunuous tracking task 

responding and frequency of reinforcement chiefly to the study of 

Specifically, after a decade of researc - recently turned to the study 
skilled performance in continuous tas s, discrete tasks, but I bc- 

of information handling behavior in sen perceptual motor skill 

heve that I am studying essentially t e ned car jj Cr , all of the task 
processes as before Fortunately, as _ OD j lca ble to continuous and to 
taxonomy which I shall employ is equ y 
discrete sequences of behavior 

Skill Learning 

1 ' U0 I " eteu though the r.ne 

Skill learning is primarily a contl |f ma y involve discrete operations 
grain structure of the performance it* m slll i learning Instead, »c 
Thus it is misleading to assume is structure of ski I s, or 

Should think of gradual duff * ***** "T”* * 
nature of the processes ( stra e S progresses The evolving p 
subroutines) employed, as learning P * 
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revealed by the organization of behavior into larger and larger units, as 
Bryan and Harter (1899) emphasized, and toward hierarchical organiza- 
tion, as Miller, Galanter, and Pribram (1960) have recently emphasized 
in their discussion of motor skills and habits 


Changing Factor Structure of Skills 

Recent correlational analyses of performance at different points in skill 
learning reveal significant changes in the relationships among abilities 
both m different tasks and at different stages of practice in the same task 
Correlations between the first trial and successively remote trials become 
progressively lower, whereas correlations between the most recent adjacent 
trials become progressively higher Also, the factor structures of complex 
tasks change consistently with practice, indicating that ability requirements 
are different at different stages of learning (Bilodeau & Bilodeau, 1961, 
Fleishman & Hempel, 1954, 1955), as Bryan and Harter suggested long 
ago 


Phases in Skill Learning 

Early phase — The earliest phase of skill learning in an adult may be 
of very short duration in simple tasks, covering only the time required to 
understand instructions, to complete a few preliminary trials, and to estab 
lish the proper cognitive set for the task 

Skill learning processes during this phase are undoubtedly very similar 
to those involved m the early phases of rote learning Underwood and 
Schulzs (1960) discussion of the response learning stage of rote learn 
mg applies equally well to skill learning, especially when the responses 
arc heterogeneous and the total situation is new Response integration is 
especia y important when the new task requires the simultaneous use of 
P° P rcv, °usly differentiated sets of responses, or response subroutines 
°r c * am Plc. response response compaubility effects are important deter 
0f Acuity in the learning of complex tasks involving both hands 
* nd t fc V’ 3S Whcn a first tries to use the foot pedal to govern 
r ac °f a dictating machine when a beginning student of music 

r : t f S 0 P r acc different rhythms with the two hands, or when a novice 
^ COOrd . matC brcathin S ^d arm strokes m swimming 
Undcrurvvi Qr *if mtcnn ediatc phase of skill learning resembles 

of med Up ° r aSSOCiaUve sfa £ c rote learning Two kinds 

the formihn r a P pcar t0 *>* ^portent at this time One mediates 

cues The nth ° S ^ C , C1 ^ IC associa tions and learning to respond to specific 
deferred bncfij" '*'"*'** C0 S nitnc sct learning discussion of which will be 

An unpublished experiment completed recently by Fitts and Switzer 
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illustrates clearly the role of med.atmg associahons m learnmg and l also 
shows the close relationship between perceptual-motor and J er “ lear "“| 
The task was to make a vocal response as soon as possible after the ex 
u!su e of a Victme Twelve pictures were selected to represent objects 
whose names were of h.ghest frequency m the Tho ” dlke -^r oTtte S- 
with the restr.ct.on that each name begin with a 

phabet The p.ctures are shown m F.g 8 They were expend by the op™ 
mg of a double-bladed mechan.eal shutter Vocal reacuon Mewas * 

tented by use of >£<na»^ stnd.ed-nnmber of 

alternative stunnli (12 vs Alphabet ^n^on^case 

non All responses involved saying j ller in t he familiar name of 

(direct mediation), the response was response was one of 

the object In the other case (md.rec medial ” ponse rs one 
flic other 11 letters (selected ™£mly) Note “ “““ >s F ,o give the 
that S would ordmarily make The P P lt ,s assumed 

name of the object not a letter of the alphas by an ass0 . 

that the required response was . J-J 1 P , bar object name -* Vocahza- 
cahve chain consisting of Stimul presumably the associative 

non of first letter of name In “f °“ stimulus -» Familiar object 

cham involved at least °” e ad ^ tl0n P 0 f the first letter of the other 
name -* Some other name experiment, most Ss reported 

name When interrogated at the eu P trame d to a cnter.on of 

such a chain of associations Sub =c and , hen reaction times 

two correct trials by an effici t ' S ns Reaction lime data are 
were taken during five 30 nun tesung 




Fig S P, caws - 

Switzer The responses «»• » « ■ 

ent painngs 
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are each for a single S and thus are free of the artifacts that frequently 
appear in group data, Each of these studies, by a different investigator, 
indicates that the log-log relation between time and trials is essentially 
linear after the first few thousand trials. 



Fic. 10. Gradual improvement in mirror 
(after Snoddy, 1926). 


drawing with long-continued practice 
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Fig 12 Gradual improvement in the performance of an industrial task oser sc 
eral years of work (after Crossman 1959) 
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track events, in games of skill such as bowling or golf, in competitive sports 
such as baseball and football, and in artistic performances such as singing 
and plajing musical instruments It is very rare for peak performance in 
an) of these activities to be reached short of several years of intensive, 
almost daily practice And the fact that performance ever levels off at all 
appears to be due as much to the effects of physiological aging and/or 
loss of motivation as to the reaching of a true learning asymptote or limit 
in capacity for further improvement Thus, m the case of skill learning, 
the as)mptote, along with the plateau, must be viewed as an exception, 
rather than an accepted phenomenon of learning 

Two kinds of evidence from developmental studies also indicate that 
perceptual motor behavior develops slowly on the basis of a great deal of 
practice Restriction of early visual motor behavior (in the case of am 


mals) provides one kind of evidence Riesen and Aarons (1959), for 
example, find that animals whose only early visual experience is gained 
with the head and body immobilized subsequently have great difficulty 
learning to control their own locomotion by the aid of vision The other 
line of evidence comes from studies in which the natural relation between 
visual cues and motor behavior is disturbed, (Snyder & Pronko, 1952, 
Ruble & Smith, 1959) or in which 5s are asked to perform visual motor 
tasks m which the required responses are contrary to cultural patterns and 
populate. Stereotypes (Hits & Seeger, 1953) Although subjective reports 
often indicate that the old visual movement habits may be unlearned nnd 
replaced by new ones after a fen days, precise measures of shilled perform 

an died “g' 1™ PCn ' Sl ““ maX ‘ mUm Pen ° dS ° £ t,me 


Cognitive Aspects of Skill Learning 
Specific S-R Associations u Cogmlne Sel Effects 

=nd h use‘ S of's^r' fiC slued learning effects, , e , the learning 

sets o?con££f JTT** ka ™"S “ d <* generalized 

at all states 0 P f skill teaming Th" !Carn “ S flleor y and has Its counterpart 
importance In ^ '° bc one of re,a “' e 

niu'Tc or n,cd,a„„Var p ™ri SvTlr *** *= 

appears to decent! nnmmi., ciativc to simpler association processes 

-25 cohered ° f tbC vambfcs memonad 

complczity of the sequence si.m, !" rcnl regardless of the length or 

hied and it vould s^m that the mdd!" 1 r ” pon!c patterns are essentially 
tuch hied response sequences should a ' e S,ascs ot tha k3n ” n S of 
eming the associative phase or role t fleCt 2 P roccss similar 10 that gov- 
P rote learning and conditioning In the case 
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Fig 14 Effect of the wearing of reversing lenses on a task r fJ u . ln "? V o~ 

control of motor responses (after Snyde, * Pronko 1952) “ 
did performance while wearing the reversing lenses reach the earlier level 
with normal vision or attained one day after their remova 


of less coherent tasks, however, very large numbers of P a £™ 

are involved and probabilistic rather than deterministic rules govern "' n,s 
Here ,t seems reasonable that strategies and executive routmes too™ m 
creasmgly important, probability densities have to be earned rather th 
discrete events, and the generalization of learning H mediated increasingly 

^KLlof language and perceptual motor skills 

the development and use of ^^'“ameword very differently depending 
an individual often responds to the sa * h .. no;s rC spond 

on the context He adjusts quickly to * ns „ ^ mc |hc rf(IB t0 which 
with a word having the opposite me & ^ ^ , mportancc 0 f sct arc 

the following word belongs S "™'“ r bchavror Lashlcy used the term 
observed in the realm of perceptu P cxam p!e, the response 

•syntax of action” to emphasize this re at, on »-».• . ^Xten 
of an aircraft pilot to a statement sue l[|C sUtcmcn t is inter- 

mean two opposite things) will de P e Similarl) the movement of a 

preted as a command, or as a repor opposing wajs, and the 

needle on a dial can also be interpreted in »« » S ^ tcd co „ 

set of the observer will often determine whether he mo 
trol in one direction or the other , -i,-, ncop’c dciclop cogm 

The point to emphasize here IS a m pemep.ua.- 

live or learning sets, or show adaptation level P 
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motor tasks, but that they can develop many different cognitive sets, can 
switch from one to another readily, and can include the same stimulus or 
response elements as members of many different cognitive sets 

Cogmtne Set Learning in Skills 

Viewing perceptual motor performance as an information handling skill 
suggests several wajs of studying cognitive set learning its role m skilled 
performance, and its relation to stimulus and task variables Several of 
these topics will now be considered. 

Compatibility effects and number of alternates — S— R compatibility 
effects are ordinarily defined (Fitts &. Deminger, 1954) in terms of per- 
formance or learning changes attributable to the interaction (congruence) 
of stimulus and response sets - They can easily be demonstrated in experi- 
ments where two or more sets of stimuli are paired with two or more sets 
of responses Recently it has become apparent that the absolute magnitude 
of such effects tends to be greater, the greater the complexity of the task 
(c g , the greater the uncertainty per stimulus) Gnew (1958) has pointed 
this out, and some recent unpublished experiments by Fitts and Peterson 
s °w it clearl) In Fig 15, for example, are shown three functions relating 
c oice reaction time to average amount of information transmitted per re- 
k° ttorn cune ts for the most highly compatible task we have 
studied— pointing one’s finger at a light The 5 simply moves his finger 
irom a starting position and touches whichever one of a set of n lights is 
ESfTu. by E In th ‘ S task react,on tme increased bv only 017 sec for 
m.n Jf 11 “ Creasc m stimulus uncertain!) A second function was deter- 
S f ame P° mtm S responses, but with the hand and the response 
stimuli vJ?* r ° m VICW ^ a screcn an d "ith the lights which served as 
auite rnniH h v ' ert , ,ca * P 30 ^ ,n front °f S Reaction times are still 
9 fiian fn?? n ? y * ,0W " than before « and the effect was greater for 
parative nurrw>e crnatn ^ ”^h e top curve in Fig 15 is included for com 
Push a finoe^v^ ** 3Cd 0n Hlc ^* s f I953 f data where the task was to 
Lc '? rC!p °r a 1 '5 h ' 7,15 sl "P= Hick’s data » 1 > 

I!'" ““f S '°P« foPPd "hen finger responses must be 
1,gh,S d” 3 ) reverted a slope 

p cinted cTrL 1 * “ If k Md th = d *° »f Bramt.nl « al (1962) 

presented carl.er also grse 18 see per bit Thus the slope of these last 

rerrrjun m ajvar^for'lfc , l “ 5 ”° m ' an ‘"E’ Cogniuse set refers to 

iilealion Th., metuun- of , w c ™'”E™ci-, characterizing a psen 

Pribram (IMO) „!1 , -re ■.“* “ , “” n " to * h3t 'titter Gatamrr anil 
one nea-err a eem4 oMt,™ “““ «»»“>'« « -he malhematrcal 

t. e corfru— P ° *t»e one kind. Fortunately the two meaning 
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functions are 10 times as steep as for the pointing responses shown m 
Fig 15 

These data are subject to an interesting interpretation from the view 



point of learning theory As we presumably making more 

to ones of relatively high ty ’, , \ usmg responses which 

and more use of very well iSA. «£ >»= 

show strong population stmolyp es) P p ]css and Icss marked in mag- 

of stimulus uncertainty gradually m info r m ation handling tasks 

rutude as a result of contmued p ^ f of t j, is conclusion On 

There is considerable evidence, not revie .nterpreted as supporting 

the surface this empirical other ex- 

the notion of the learning of speci demonstrate that part of the effect 
penments, which will now be desen » xs | llC h has to do with sets of 
is due to cognitive set learning 0 c » c ° 

stimuli or sets of responses) . min , m an information handling 

Subset familiarity In studies confronted with a problem 

task as a function of stimulus ■ uncertainty one ° d|(Tcrcm Kt! of 

very similar to that involved tn attemp g 
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materials equated for meanmgfulness for use in a rote learning experiment 
This is the problem of controlling the amount of previous experience with 
alphabets, or S-R ensembles, of different size In some instances the 
stimulus side of the problem can be solved by using lights, pictures or 
other types of symbols which are drawn from sets of indeterminate maxi- 
mum size Subsets of symbols such as numerals and letters, drawn from 
alphabets of a known and fixed size, however, are immediately suspect To 
put it simply, Ss may continue to respond as if the entire alphabet vs ere 
possible, even though the experimenter uses only a subset of the available 
symbols 


Fitts and Switzer (1962) have recently demonstrated such effects in a 
series of three experiments In one experiment three sets of numerals and 
t rec groups of Ss were used The task was verj simple — to say the name 
or a numeral as soon as it was exposed One group worked with eight 
numerals, 1 rough 8 A second group used an unfamiliar subset of two 
n«~i ? and , l A thud gr0U P used 3 relaUvel y familiar subset of two 
Ifi Onlv’th f Results, for three training sessions, are shown w Fig 
are o °l ^ numeral 2 » wIllc h is common to all three groups, 

num 1 ~ , n c first v °cal reaction time was the same for the 

of an nnfimi Cn U t ' VaS °. ne °* numerals and when it was a member 
as one of ^1°* t 'l° numerals When the same numeral appeared 

SZZZET i ° f tW ° 5tJraub ’ however * rcacUon hme was faster 
Similar^ X fastest for the «“»• ^famihar subset 
bols Fieure 17 f ° Und “ *** other “Pimento with alphabetic sym- 
f0r th = [hre ' m«P» » thi Study which 
I* y, 1 26 letters, an unfamiliar subset (EBP) and a familiar 
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[ . a A B Z 

■ . • EBP 

w ABC 


Fig 17 Choice reaction time in vocalming Ihe name of the letter B as a function 
of the set of alternative letters with which B is associated (after Fitts 
1962) 

subset (ABC) The data shown here are for the letter B 'vhich * “J" 
mon to all three sets The results are similar to those for he prewu: 
penmen, and are stgmfican. statist, cally However, it should be o « 
m all of these experiments the absolute differences are small, tn agreement 
with the general finding for other highly compati e tas_s .,, ociatJons that 
These results show clearly that even in the f , 0 ' cog 
presumably have been practiced almost f ffa ' s supp0I1 to the view 
nitive sets are operating to some extent Th ff Pf” , |Ced skd | s 
that cognitive factors are important m all yp experiments 

The importance of cognt.ive set effects ts further radicated by expenraen 

with redundant sequences . h , , he ,, eart c f 

Redundant sequences -We turn now to a top * whmn s ^ ^ pat _ 
perceptual motor skill learning This is carm ® altlcr ( |, an dctcrmmis- 
[erns of events, where the patterns are probabilistic rather 

“'fames McKeen Ca.tell 

what is now called an informational p „ u „ sequences of 

and m Wundt's laboratoty in Germany ^ s „ ch volunteers as 

letters and of words which the 5s s ( Ha ||) rcad scn ally os rapidly 

G O Berger, John Dewey, and ° S “ d y „ ord sequences were those o 
as possible In some instances words from English text 

English sentences, in other instances c unfamiliar sequences Cattell 
were printed in reverse order thus g S d (aIoudi as fast as pos- 

found that “ it takes about twice as which make sentences, 

siblc) words which have no conncxio nh , ch ma i c words" (I?S6. 

and letters which have no connexion as from Trench, Gcr- 

p 64) He then verified these results with 
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man, Italian, Latin, and Greek and found that the magnitude of the effect 
attributable to language structure was proportional to familiarity with the 
language Cattell’s discrete vocal reaction times, incidentally, were of about 
the same absolute magnitude as those shown in Fig 17 (slightly less than 
0 5 sec.). 

Fitts, Wolpe, and Peterson (1963) have recently completed several 
studies in which they have measured discrete vocal reaction times to the 
elements of redundant sequences of numerals Holding the size of the set 
of numerals fixed at nine (1 through 9), one of the numerals was made 
more and more probable, all the remainder bemg made equally and in- 
creasingly less probable Maximum redundancy involved a sequence of 
126 stimuli out of which 118 were the frequent symbol and each of the 
other eight symbols appeared only once (R = 87%). Reaction time data 
for different groups of Ss are shown in Fig 18 All numerals were equally 
probable on Session 1 ; on the next three sessions each group worked at a 
rncrcnt level of redundancy Differences in reaction times to frequent vs 
in requent elements increased as a function of degree of redundancy. Un- 
ortunately, as it turned out, the numeral 1, which was chosen as the most 
trequent numeral in the first experiment, gave slightly faster reaction times 
than the average for the remaining stimuli under the equal frequency 
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condition Therefore, one additional high redundancy group was run with 
the numeral 5 as the most frequent element The results for this group arc 
very similar to those for the previous groups when the latter are corrected 
for the slight initial difference between l’s and other numerals These data, 
and some comparable results from a very different and much more com 
patible task are also shown in Fig 19 The difference in reaction times 
to infrequent vs frequent stimuli apparently increases linearly with re 
dundancy, the slope of the function decreasing with degree of S-R com 
patibihty 



Redundancy 

f nuent infrequent elemenls of 
Fig 19 Differences in vocal reaction times to req sequence The two 

a set expressed as a function of the m Fig 18 the bottom 

top curves are for the last two sessio . .. compatible pointing responses 
curve is for a task m which 5 had to make fartdjT P 
lights (after Fitts Peterson & Wolpe IW) 

The error data from these r = acl '“" remained high!) 

proportions of errors made to the m s " m 

tive to those made to the frequent s 1 thcorctici! significance o 

Space docs no. permit a fn, discussion of Uk, ^ ^ ^ cnI|1 , romuhis 
these error data, which can be interp 
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sampling theory It is obvious, however, that speed and accuracy in re- 
sponding to any particular stimulus element in a sequence is influenced 
markedly by the probabilities governing its occurrence m the sequence 
This general finding is, of course, an old and well known one However, 
the demonstration of the extent and lawfulness of the effect, in terms of 
stimulus redundancy, is new, and of considerable theoretical importance 
This finding is strongly suggestive of operations analogous to a sequential 
statistical decision process Stated simply, a sequential statistical decision 
model of an information handling process hypothesizes that a cognitive set 
is first established which assumes certain a priori probabilities or odds, in 
advance of the occurrence of the next stimulus During the subsequent 
reaction time new information, from successive stimulus samples, is used to 
modify these initial odds until the posterior odds become sufficiently large 
(or small) to warrant the risks involved in making a decision, at which 
time a response is initiated The fact that a computer can be programmed 
to make decisions in this manner, and that such a computer would show 
differential reaction times and make proportions of errors much like hu- 
phng theory ^ S ° me ° f P lausib, hty t0 the sequential stimulus sam- 

.JV* gC " Cral ““elusions reached m regard to cognitive set learning and 
onnance are as follows (a) cognitive sets develop very slowly, 
° ° VCr many classes of similar situations, (fc) how- 

Tnd or .^bv Jn 7 ^ * “ CalIed U P’ ma matte r of about a sec- 
live set? i? nfi a PP ro P nale “C. (c) elicitation and utilization of cogni- 

cues although tbe a ' Pliability of verbal labels for use as 
cues although such labels are not necessary 

motor ^l 50 ' 0 ,n ' ol ' ed discrete and senal vocal and 

many other percentual aSS “ med tbat s,rmlar phenomena can be found in 
can ffiro S of TTV **5 SUCh * a baUer fa “"g a P’tcber who 
in rough air In both of thS- *** * ? dot ,earn,n 8 t0 handle an airplane 
invohcd CXam P les sUmu1 « probability learning is 


Some Ctartu*, Problems op Se,ll Lelbvlo 
fu the remainder of this oanrr ^ 

Sarfinj stilled performance ^i!d still f C cvance of *= general victs «- 
dm point «iB be considered as th-t P roc ' ssrs discussed up to 

specific topics Ennham u.ti k* ^ t * l ° se ' cra * additional and more 
Iraming tasks P ** on ,ht of skill learning to other 
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Discrimination Capacity and Skill Learning 

The first of these topics is the relation of sensory, perceptual, and short- 
term memory processes to skill learning It is proposed that precision in 
controlling the amplitude and timing of a movement is limited by, and should 
never exceed, the capacity of an individual to learn to discriminate the ex- 
ternal and proprioceptive feedback resulting from the single responses or 
series of responses Supporting this conjecture is the fact that augmentation 
of feedback, in such a way as to increase discnminability, usually results 
in reliable increments in skilled performance and learning rale This is true 
when the magnitude of display changes is increased so as to en ance 
discr.mmabd.ty of visual cues, or when the elasticity or viscosity of a con- 
trol is increased so as to enhance the discnminability of 
feedback Bahnck (1957) has shown, for example, that addition of 
spring to a control leads to improvement of blind positioning movements 
of that control— presumably because each increment in «sp P forcc 

now has associated with it a more easily discrmnna e S f 1961 ) 
resulting from displacement of the spnng : Bahnc and N* (I960 
have recently obtained empirical gradients P £ adiaccnt 

which they interpret as reflecting failure in d'senna , g e fl cc t s of 
responses, ,e, response similarity effects, and have Sudc 
increasing stimulus vs increasing response iscri rcncralizalion 

that response similarity has a greater effec IJ P motor responses are 
than does stimulus similarity in a task where different motor respon 

made to a senes of stimuli „f responses are made oicr 

Where the same response, or a small t ° E timing and 

and over again, it would appear, ow , ab ,I,ty t0 discriminate 

precision of responses may come to ex mcasur cd by standard ps)- 
single stimuli, at least as discnmi y ^ JS a blc cscntuall) 

chophysical methods Such evidence sugge cor( j ance with the accumu 
to learn somehow to adjust his res P° n discriminations, and to reduce his 
lated information gained from a sen smelc responses In other 

response variability below his error m j o - coherent task, variability 
words, at very high levels of better, than would be 

of response becomes less and resp n car ly , n learning Pcr- 

predicted from ordinary psychophysical ^.nued discrimination 

haps this simply indicates a capaci y dcm0 n Str3 tcd capacit) for long 
and probability learning, similar to ^ rformancc Another important 
continued improvement in the spec F- for discrimination often » 
fact to consider, however, is that (in 2 -choicc tasks) whereas 

a 75% or even higher proportion of successes 
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probability learning effects may continue to operate at levels only very 
slightly above chance, albeit over a very large number of responses 

As an aside, at this point, learning theorists who place great emphasis on 
the role of response produced stimuli need to be reminded that discrimi- 
nation of such stimuli is relatively poor if the judgment is on an absolute 
basis along a single dimension For example, Ss identify a maximum of 
only about 2 bits of information in judging the pressure which they are 
applying to a control Again, this does not rule out the possibility of slow 
probability learning effects, however 

The importance of stimulus discrimination learning varies, of course, 
with the nature of the overall task For example, proprioceptive discrimi- 
nation should be most important in skills where there is little uncertainty 
regarding what response is appropriate and S is confronted with the task 
of precise response execution Learning to execute a complex dive would 
be an example r 


Short-Term Memory and Skill Learning 

Several writers have d.scussed the role of short term running memory 
, e “™"I P ercc pt“al motor shills Again we find in the early work of 
Cattcll 1886) a suggestion of the effects of memory lim.tat.oi on the 
freed L p ?r ph,al TL", P erforma " CI: Cattell exposed letters which the 
fscreil^ Chl " d 3 Sllt ^ var y' n S •>« width of the sht Ss 

caUcd^™ H T T ° r m ° re than one ,el,er at a «'me-a condition 

mcreasetf serial re: r, n ab ‘ 1,,y sce more than '««« a ‘ a ™ 

s P« d “P l ° a preview limit of four or five letters, 

visible Waco adv ^ ta 8 e was gamed as soon as the second letter was 
cam aeo f S „nnd , F '“\ m 3n ““P'”’ 1 ^ study completed several 
nppmnSe one ^ f J CSU,,S f reV ’™ *= <■>* was to push the 

downward in five diffOTm cotans^ni^d O'*' b8ht P° mtS ’ D ’° VmS 

extended across thr- r,. i mn »’ P assec * hehmd a horizontal line which 

mtiigprewcw £ achievcdT advaMa S= p amed from per- 

prcvtcw of 12 oncoming hghts wkTmc ^ SCq “ CnCe A 
one ° ltt e better than the preview of only 

ceplual amiapa'tron theoretical analysis of ‘per- 

limit on capacity for nroce«mr» r ^ a functJ on of a hypothcUcal 
running memory His main ih ° 0r / n ~ tl0n ’ aD d a limit on capacity for 

*» 4 m ? 0,hCr °' ^ capac ' 

ctnple, when redundant) „ high but ft- E " Cn s,,uatl ° n r ° r cx ‘ 

be considerable rain from “ 1 k “ ' cr y complex there should 

gam from prcsicw oscr scscral seconds or over a large 
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number of forthcoming stimuli, memory capacity presumably would be 
the limiting factor in this situation 

Continuous and serial tasks often provide an opportunity for measuring 
the lag, and hence the memory load, between the informauon-seekmg 
responses of the eye, and the output responses of the hand or vocal mecha- 
nism Studies of eye-hand span in typing, playing the piano, and assembly 
work, studies of eye voice span in oral reading, and studies of lag in copy- 
ing telegraph code all indicate that closely comparable and near maximum 
amounts of information are carried in running memory in different percep- 


tual-motor tasks , # _ 

Such limitations as these become especially important when w turn to 
the mechanisms which may account for continue improveraen 
coherent, speed skills at advanced levels of practice These will be 
sidered next 


Continued Improvement in Skills 

Crossman (1959) is the only worker who has 

CB Hy t0 the development of a o^sk.lland why improvement con- 

ment comes about at very high levels 01 sun m i 

tinues so slowly over so long a period °[ ,1 ” le d , T)lus he states 

Crossman assumes a general s ,„ck o, r 

that “the operator can be imagined to p h for each cycle” 

different methods, from which he pic s on ^ | d tllcsc p ro b- 

(1959, p 159) Each method has an imtud P”* f ’ ^ f “ nctl0 n of feed- 
abihties are modified after each (d'ShjT «) P $ll n arc “successful’ in 
back However, since all responses at ig f t j, e objective, a cnti- 

the ordinary sense that they all permit t attain ^ of „ hich the time 
cal problem is to account for the the degree of prcci 

required for specific responses is a interesting hypothesis, among 

Sion required by the selecttve based® on the rapid tmtial 

several advanced by Crossman, is faster responses is h) 

decay of short-term memory FeedDac pro ccss than docs feed 

pothesized to arrive after less decay o „ e should proude a posi 

back from slower responses and thus on t Jj. ^ fis|cr rcsp onsc 
ttve increment in probability of t e su se ] cc ttsc process oper- 

Here again, it is important to rcrocro ? c h ro „ be able to use rclmvcb 
ates over very long periods of tune, and hence m > 

unreliable or “noisy ’feedback information slll l learning men- 

Another source of evidence of 5s » ° 

boned briefly in an earlier section, concern .Noble, and Tit 

carry on more than one task docs become increasing!) 

(1954) reasoned that if propnoccpt 
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important after extended learning in highly coherent tasks, and if less and 
less reliance on visual cues is necessary as learning of a first task progresses, 
then a second visual task should have less and less interfering effects on 
the first task to the extent that the first task is (a) highly coherent, and 
(6) highly overpracticed Both ideas were verified by experiments These 
studies also provided unequivocal evidence that learning had been going on 
long after the original criterion employed m measuring learning on the 
first task had ceased to indicate evidence of improvement 


Feedback Variables in Skill Learning 

Bilodeau and Bilodeau, in their recent review of motor-skills learning, 
conclude that ‘ studies of feedback or knowledge of results show it to be 
the strongest, most important variable controlling performance and learn 
mg (1961, p 250), and provide a comprehensive review of the effects of 
this variable In spite of its obvious importance, I shall not have much to 
say about ihe topic of feedback, however, partly because the evidence is 
so clear, and partly because, from a theoretical standpoint, there appears 
to e itt c in this area that is peculiar to skill learning as distinct from 
other learning tasks 

One interesting line ot work on feedback should be mentioned, however 
rhis is the c fTcct of augmented feedback, the availability of special feed- 
back information which ordinarily is not present in a skill learning task 
I 1 ! *"S men,ed feedback appear <° be motivational 

of clirV<j for exan tple, found that a continuous senes 

ncrccntu'il t-isk e* u 2 ^ sec heightened performance m a speeded 

rc Mhe ™sshi? r Cq a C !'‘ St “ d ' CS tSraode ’ ,958 ' Krafa de, 1960) sug- 
enccts ^ y 0f additional learning effects as weU as performance 

fluencc ^ mcans w hich augmented feedback may tn- 

cially durine adimnw A on d '"enm, nation learning, espe- 

Xmn, „„ S e P , racl,c,: Whe " ,hc <“>• a relatively m- 

mformation thanks ordinarily aZ Z "k” provlde much raore reliable 
bis general strateg or Z^e s ' * a **"* = de W °' 

the hypothetical limit of die abilnv to H ' VOrdS ’ “ ' Carmng approaches 
in either coherent or mrnim . 1^ t0 discriminate available feedback, 
increasingly useful because may beCOnK 

the learner re P rec,se information it provides to 


Skill Lrarnwg and Probl'm Solung 

and skill teaming At firsuhese j™ p basizcd the analogy between thinking 
S m urn these two forms ot behavior may seem to be at 



281 


Skill Learning 

opposite ends of a continuum However, the approach to skilled per- 
formance developed in the present paper, especially the emphasis on the 
patterning and organization of skills and on the importance of cognitive 
set phenomena, make the relationship more plausible Bartlett (1958) 
stressed the idea that the extrapolation and orderly sequencing of responses 
is involved in both skilled perfo-mance and in thinking In a similar vein 
Piaget (1950) proposed that ‘intelligence senson motoric” precedes and 
provides the foundation for “intelligence mtellectualle ” 

Certainly the role of cognitive set in skilled performance, and the gen- 
eral adaptive system model of skilled performance, with its emphasis on 
hierarchical programs, brings skilled and problem solving behavior closer 
together than would have been commonly proposed a few years ago Per- 
haps there the matter should rest until additional evidence regarding the 
relationship is at hand 


Some Relatively Unique Aspects of Skill Learning 

Lest the similarity of stall learning to other learning J«ks be overem- 
phasized, I shall close this paper with brief mention o o ^ 

are relatively unique to, but very important for, t e s « J mdged 

esses These topics will not be discussed at lengt ec arcas D f 

to be of somewhat peripheral interest to those wor g 

human learning For various thcorcti- 

Open-loop behavior at various stages of g eplua | motor 

cal reasons .t would be especially J, ere e , ther ^feedback which 

performance in continuous or serial tasks d with feedback, is 

S normally expects and uses or the input which 0 ( 

temporarily eliminated so that S would re! P° n a dclcrmm ation of the 
information alone For example this wo P decree to which rc- 

relative importance of input vs feedback and m3]nliin pe, 

sponse-generated information (feedo j . j v Q f “open loop re- 

formance In the area of skdls this is ca Bed 'J^^.o^fecdback m 
spouses It is an easy matter to ehmin ^ sllbjc cts close their eyes), 
most perceptual-motor tasks (such a > c k 7s usually not possible, end 
but the elimination of proprioceptive lh3t hc „ no longer gelling 

as long as the latter is present S quic y behavior accord mglj Some 

exteroceptive feedback and usually c an S arra ngmg the task so that 

success has been met in eliminating t C1 P lt IS <i t fiicuU to do this 

5 responds only to his own fee ac .j cn ]. stopped Thus the *cp- 

without the S realizing that the mpu partlv understood 

arate effects of input vs feedback are consumer —Some of 

Analysts of complex forms of stimulus respons 
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the highest levels of skill are attained in tasks in which one movement pat- 
tern is superimposed upon another pattern, such as m aiming a gun at a 
moving target while at the same time maintaining an upright posture while 
standing on a moving platform, or in throwing a football at a moving 
target while running at full speed Performance in such tasks would appear 
to exceed ordinary human information processing capacity and must there- 
fore depend on the use of highly overleamed or automatized subroutines 
It would be highly instructive to study such learning but little work has been 
done on this problem, perhaps because of the techmcal difficulties involved 
in recording and analyzing separately two concurrent response processes 
Speed-accuracy tradeoff — Man has the rather unique ability to exchange 
speed for accuracy of responses and vice versa High levels of ability in 
effecting such compromises are evidenced in almost all information han- 
dling and control tasks, suggesting a basic interdependence between mecha- 
nisms for the regulation of timing and mechanisms for the regulation of the 
direction and amplitude of movement The sequential stimulus sampling 
previously is one example of an effort to understand these 
“r u rccen ' s,ud y fa y Fitts and Peterson (1964) provides clear 
Sp aCCUraCy ^da " 0, ’ 15 tfetennined by motor centers 
f te se P arale from involved m the control of choice reac- 

Irtde^rtdcnt UTO 3nd reaC, '° n h “ Wre f °“" d *° ba 

ha«r,h^r'“- A sma " but ac,,ve g'fttp ° f researchers 
mathematical ^nnd l° bcen tnterested in analyzing and constructing 
0t ,he ? I0 T SeS b >" ° f wlttdt tt man leaitis to 

output is the second (n^tlf d* dy " amic s > s ' em . such as one in which Ihe 
tmique to 3i= s“ t M ' IS ? “P“ Th ‘ s - * P«*» 

highly interest, m. Z . „ ""“S (Lrcklidcr, 1960) The topic is a 

has been developed for the'’, 3 * , men, ' 0 “ d ear,ler . the same theory which 

systems can, to ancons, derablc extent b^a Td?' 5 ^ dyDam,c P h > s,cal 
of human perceptual motor learnm.'’ ^ p P ,ed d, rectly to the description 


tttnee ot research on spatfd^i!? IU , C ' ,,ar cm P has 's upon (a) the impor- 
tems lasting tor oil, a second oMc» andm bcbav,or ’ “tdoding pat- 
coherence as the obiecUve ' d . thc importance ol stimulus 

appears to be of widest imponanr- Cm f C r 0f taslcs and sequences which 

The theoretical ,dea wfeSTw U ^ * heo «**«*‘ interest 

h 1 *° uId rc ’ e, **phastzc is that of h.erarch.cal 
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processes One useful way to view the higher level processes in a complex 
skill is by analogy with the executive routines written into computer pro- 
grams The corresponding view of lower level processes is by analogy to the 
loops and subroutines of such programs The theoretical view of skilled 
performance here proposed minimizes the role of motor behavior per sc, 
and thus removes the principal basis for the commonly made distinction 
between verbal and motor processes Instead it places major emphasis on 
the intrinsic coherence of stimulus and response sequences and the cogni 
tive or higher-level processes that govern behavior sequence, and suggests 
that important aspects of response sequences include such factors as tim 
ing, the interrelations of speed, accuracy, and uncertainty, and the limita- 
tions imposed by capacities for discrimination and memory 

The crucial point in developing a general theory of stalled performance, 
and in support of the view that verbal and motor processes are highly mi 
lar, ts the conclusion that skilled performance is dependent on discrete 
or quantized processes Thus the study of discrete perceptual motor re- 
sponses, including the study of reaction t.me mov-ement ..me o„d response 
accuracy (errors), can be viewed as contributing o han( j 

serial and continuous communication and control stalls k 

and to an understanding of the organization of thinking dee, s, on making, 
and verbal behavior on the other hand 
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The Generality of Research on Transfer Functions 

COMMENTS ON PROFESSOR FITTS’ PAPER 

G E BRIGGS 

Ohio Stale University 


Dr Fitts has provided an excellent coverage of what can be called the 
discrete case in perceptual motor skill learning In this short discussion 
some information on the continuous case will be presented Specifically, 
research and theory will be described which are based on derivations of 
transfer functions for the human operator m continuous control or track- 
ing tasks 

seno cnginecnng received considerable support starting 
"odd War II, and the result has been a rapidly developing sophistica- 
tion in the analysis and design of automatic control devices for both con- 
tinuous and discrete systems One of the basic analytical tools developed 
in this area is the transfer function methodology Formally, a transfer func- 
tion is defined as the ratio of the output from a ‘ black box” to its input. 

ore use u to us, the transfer function is an analytic statement which 
predicts an output from operations imposed on the input In most of the 
m ° n , 1,nc:lr dlfl 'renual equation has served as the basic analytic state- 


Historical Perspective 

pertomratalr 1 !, 11111 "bis methodology would be apphed to quantify 
5S wi tSt«^, T n b,3CkbOT "ben he controk a vehicular sys- 

fitted to the same mpTLgnaU^nJcid ^ h™ 30 0pcrator which can ** 
those from the human tracker ou, P uls a * similar as possible to 

fitted to human tracking tvh notlon 11131 a lmea r equation could be 

■t grew ouTSte ^ v"r»r, r ' mpI °^ db > TuSUn < I947 > ^ 
mechanisms for the control of t, Umz rBearcl > m England on servo- 
cquation or model used was a fwj' ?? "“n'i c< *" , P mi:nt Essentially, the 
lag first-order differenual with a transmission 

i « - h~p t ) e~* r 
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which represented a relationship between the rate characteristic of the hu- 
man operator’s output (p&h) and his input (e or tracking error) There 
are three constants in this equation T which is analogous to human reac- 
tion time, and Ki and K 2 which are of primary importance since they can 
be interpreted as indicants of how the operator weighted tracking error 
amplitude (K x ) and tracking error rate (k 2 ) in generatmg his output 

In other words, when the equation is fitted to tracking data, A'j, K 2 , and 
T are adjusted so that a minimal residual variance is left unexplained A 
great deal of effort has been expended by researchers in this field m an at- 
tempt to reduce the residual variance or remnant, as it is called One of the 
techniques used has been to employ more terms on the left of t e a ove 
equation 

Kjh + KipO h + K c p n 6> = (*,« + K 2 p <) ( 2 ) 

Essentially this is the function utilized by Omstein (1961) and it is com 
parable to that equation employed by McRuer and Kren e ( 
their monumental review and reanalysis of work in t is area 
elaborate version was employed by Fuchs (1962) w ic 1 aonears 
Eq 2 with the exception that a second order differential equation appears 

on the nght 

KA + KtpOj, + K,pA = (Ki . + K,P t + K,p .) e ’ 

Perhaps the most elaborate attempt in this ar ^ a raftLaboratones 
Cacioppo, Mayne, Mead, and others at the Go ye transfer func- 

(see 1955) These researchers uhhzed essenhaUy he same traml 'er.fen^ 
tion as that listed in Eq 3 but added severa non i ^ „ A pp arc ntly, 
model including a ‘ threshold,” ‘ dither, an remnant than did 

the anticipation operation did more to accoun .. th IS operation 

euher ofL cJr ,wo nonhnear operahons 'reverse 

was inserted to simulate the tendency . frac ^mp error signal 

the direction of his control movement w e , { e movement re- 

changes sign (to respond in an “alert manner to future 

quirements) , trrinfl _ n that the human tracker 

Throughout all of this has run the ass P McRuer and Krcn- 

could be described by a quasi linear trans e . dynamics, such quasi 
del (1957) indicate that for simple track: whlIc more complex 

hnear functions explam 34 to 99% o between 25 and 88 'c of 

dynamics resulted in fits which accoun e tas ks was particular!) 

the variance Performance in the simp e : - rc C itcd above is 34 a, 

well accounted for since while the ow 99^, of the variance 

the majority of such research has te powerful How arc 

It follows from this that the methodologj » 
these analyses implemented? 
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The Techniques 


There have been several techniques used to fit transfer function equa- 
tions to tracking data The original technique employed Fourier analyses 
to match input and output frequencies and examine phase differences, 
subsequently, auto- and cross-correlation analyses were applied with good 
results These techniques are described by McRuer and Krendel (1957) 
A variation of the correlation technique was developed by Knowles, Hol- 
land, and Isewlin (1957) who employed a multiple regression analysis 
to predict human output (control stick acceleraUon) from tracking error 
amplitude, rate, and acceleraUon and from suck position, velocity and 
acceleraUon This latter technique is more familiar to psychologists, how- 
ever, there was a considerable amount of variance left unaccounted for 
from 43 to 48% 


Perhaps the most intriguing technique was developed by Cacioppo et al 
*-t e Goodyear Aircraft Corporation and was employed in a senes of 
studies (Goodyear Aircraft Corp, 1950, 1952, 1953, 1955) This repre 
sented a radical but logical departure from the original approaches, and 
11 “ a fcchmque which provides remarkable efficiency 
foi l * techn “PW wiring an analog computer to per 

** denvauve operations listed in Eq 2 or 3 plus the insertion of 
03 dither, thresho’d and anucipation funcuons on the 

_ P " n . 3ct * ^ technique utilizes an analog of the human operator 

tions wh^rh m I 0rmatl0n P rocessin S functions and a set of nonlinear opera- 

i ° f fUDCtIOns - d °P~ 

tracker 312 exerci sed simultaneously, the human 

S (?^b v ° f tr3CkinS error - d to null that 

i , Ltl g Z ,T S CW ag3inSt 1152 stick (*), while the 

varying voltage and ~ $ame Crror s, £ nal presented m the form of a time- 
lts output Signal The twontf l ° rcduc f that ' olta g e to zero by providing 
adjusts the various constants ^ffifanaf* SUmmsd ^ experimenter 
cnee between human output and an a i"?° S 10 F ™ d£ 3 rmmmum dlfTer ' 
was rather successful m u 33 out P ut The Goodyear technique 
of the more interesting criteria 10 human °P crator » and one 
fit Was to switch Oft the man - USCd IO detEn nine the ad~quacx of the 

»ithout,nforTn,ngthehemantrecker P whe^ , !t, SU ? 1 i' UtC an3, °S °“ ,pUl 

teport that the human would Z, Z " thls had The authors 

the analog for periods of u.4c up to 2aZ\Z*' V h “ b " n rE P bccd b > 

!h0r,C< ™"S 01 -manaiog- tecta, ue was that the expen 
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menter had to adjust the constants manually by a heuristic process Fuchs 
(1962) used a semiautomatic variation of this technique which fitted one 
constant at a time, and Omstem (1961) developed the most sophisticated 
version of the manalog technique which fits all constants in the transfer 
function simultaneously by the principle of steepest ascent 

One conclusion that could be reached is to say So what’ The manalog 
technique produces an automatic device which when adjusted properly will 
provide controlling signals (an output) which resemble the controlling 
signals of a human tracker Is this anything more than a demonstration 
that talented engineers and psychologists can simulate human information 
processing in a continuous control task 9 I believe that work is of con 
siderably more import to psychology than would be a mere demonstra 
tion The reason I believe this is that the constants of the manalog and 
the constants of the transfer functions utilized by the others working m 
this area behave systematically as a function of changes made in t e tas 
environment and m the human operator himself 


Some Empirical Data 

Russell (1951) provided his Ss with cither low, medium, or high speed 
inputs The behavior of the transfer function constants, parUcu i y • 
was quite systematic the higher the input speed, the ower 1 

sociated with error rate This is a logical finding in that wnh ji.gh speed 
inputs a tracker frequently 4 falls behind the input e ^ 1 ^ ob . 

of phase,” and the only way to get back in phase is to adjust for ^ob- 
served amplitude of error With more slowly changing p C0rrcc tly 
can stay “on target ’ more consistently, and he mus o y 
matching input rates of change with his output 0* c 
rate information , nr a nur- 

Walston and Warren (1954) provided cither a c°npc"sa J f P , he 
suit tracking task and found that the A= eons »nt ,1 ,, 

pursuit task than for the compensatory In S 2 *' formation thin docs i 
a pursuit display more obviously provi cs (1955) the Irinsfcr 

compensatory display In one of .he nodcrabl, 

function constants for the rate and acceleration , 0 , 

higher for a more experienced 

fact, the A. constant for ‘he i m ! ' P h |c lhc „ c cclcral,on constant 

the pilot with less training and exponent. 

K, of Eq 3, was 33<”e grcalcr propo « lhc bjpolhesn 

These observations led Tit s tracking lash one would find m 

that as a man gains skill in a P iKc]( . ra|10 „ c „ mr oncn!s of hu transfer 
creasing weight on the nte a / 
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function with diminishing weight being associated with the error amplitude 
component This hypothesis was tested and confirmed by Fuchs (1962) 
Time does not permit a more extensive recital of empirical data I only 
wish to point out that changes in the input characteristics, changes in the 
display characteristics, and changes within the human operator himself 
are all reflected by systematic and predictable changes in the constants 
of a human transfer function I might add that Omstein (1961) showed 
a similar systematic change in K 2 when he manipulated the characteristics 
of the control device and the kinds of feedback signals provided to S 
In other words, one has a technique here which reflects human behavior 
in a most analytic way and does so quite systematically The approach is 
so consistent with logic and with independently derived conclusions about 
behavior in continuous control tasks that it not only proposes reasonable 
kinds of information processing operations utilized by the human operator 
but also provides quantitative indices of how the operator utilizes these 
functions or something analogous in generating his output It gives one 
the peculiar feeling that he has managed to get inside the S without the 
use of a scalpel or a set of micro-electrodes 


A Criticism 

It hardly seems logical that one who is convinced of the importance 
and power of the transfer function methodology should want to criticize 
the work at the same time he is suggesting it as a means of quantifying 
behavior in other areas of learning research I will do so, however, be- 
cause i my suggestion is adopted (and it appears to be even before I so 
propose it), I fear that the same error may be committed again 
„ C y» m y cnt,clsi n is in regard to an oversight more than to an 
Tushn mwI* ,1^ 3 ^ reat deJd time and ener gy h as been spent since 

function r> VC *? er more com P^ cx a °d efficient ways to fit transfer 
linear 5 ara . Cl l ° thlS haS becn 3 domin ant motive to reduce the non- 
and cflnT,? / 0 SmalIef 3nd 5ma,Ier values 1 a PP laud ^ese mouves 
mlhe? e S P° int ; ‘hat po.nt being where one ,s more interested 
nufn ,ncano q , ,h ' USC ' Vhlch “ be placed .he descriptive 

t u 1 ” and th ' *«« of hypotheses about be- 

work on' th Aground * ^ ^ ° f ^ btt£r and therefore I criticize the 

mcthodoloev^Thc ^ rc h a hle, valid, efficient, and powerful a research 
of skill Icamme v.rwn *£!’ bul * n lhc final analysis I think the psychology 
gram of research* b*en * "T* ^ advan « d h ad a n extensive pro- 
tedlj less-ihan perfect lech** ° Ut ° r Slx Jears a S°* Wlt h the admit- 
raiher than thc^funher H avaiIabIc ’ tth ich was devoted to the use 
the further development of transfer function methodology 
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This did not happen then and it has not happened since, thus, one finds 
some rather large gaps in empirical data which are quite provoking when 
one attempts to develop a theoretical understanding of continuous skill 
processes 


Relation to Other Human Learning 
What does the transfer function methodology have to offer us here in 
our attempt to relate and integrate the several areas of human learning 
I have suggested that in skill research this methodology provides for a 
useful description and quantification of information processing unctions 
I think the same kind of description and quantification can be obtained 
if the methodology is applied to information processing unctions in e 
problem solving, decision making and concept formation areas n a , 
there have been encouraging initial attempts to use ana ogous ec q 
in the discrete case Kendler, in this volume (pp 223-2 )- °' J u P 

computer simulation of cognitive processes and Newe , * ■ 

(1958) report on the General Problem Solver program for digital com 
puter simulation of human problem solving behavior 
I foresee some problems for the d.screte case For If.’ 
mg data the researchers had a basic mo*, the ge ^ gcnmI 

and a rich libraty of concepts I do not > ^ ca „ hold back any 

model for behavior in the discrete case, a concc pts, as mdi 

area of scientific inquiry Cerla, |^ lh “ e wherc 1S lhe unifying model? 
cated by Fitts’ lucid exposition here, b 

Summary 

A brief description has (tMloli/l case Cov- 

f unction methodology as applied *' _ B an d some of the empirical 
ered were the general qu as > 1 '" c l ( ,J tta! methodology (n) is quite 
data An attempt was made to sno joraI dala u hich arc logically 
analytical and powerful, ( b ) gives d ( c ) offers guidance to 

related to a vanety of independent ; a a ““^” 0 iehav,or ,n the d,s 
those who wish to perform comparable analyses 
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The field of experimental investigation of problem solving presents an 
aspect of great diversity in the materials and techniques employed for its 
study, yet at the same time a relatively circumscribed number of memo 
rable ideas The phrase “problem solving” usually makes one think, ini 
tially, of the work of Ruger (1910) on the solving of puzzles, of Maier 
(1930, 1933) with various practical situations like the hatrack and the 
pendulum problems, of Duncker (1945) with paper clip and pyramid 
problems of a somewhat similar nature, of Luchins' (1946). water jar 
problems, of Rees and Israel's (1935) anagrams, of Katonas (1940) 
card trick and matchstick problems and of Wertheimer s (1 ) e 

ogram Coming down into more modem times, there have been a ap a ion 
of anagram and other kinds of word problems, the use se< l“ cn ^ P 
lems like Twenty Questions, troubleshooting and the Psi PP j 
variety of numerical problems, and the solution of pro ems . , 

and “non oddity” by monkeys, as well as reversal shi t pro / 

dren I have not tried to mention all of the kinds of problem ^vhich have 
been studied, but simply those which seem to have promi ^ 

surveys the field from memory From this point of view, 1 
once highly differentiated and rather sparsely occupied 

What does leamrng have to do with problem **** • « 
this question might well be that, for one thing, S Jn ordcr 

IS a set of events which must have been prece y and |hC ir 

to solve anagrams, one must previously have learned to add 

meanings, to solve water-jar problems, ' one onc must hare 
and subtract numbers, to solve a pendulum p ’-well 
learned about pendulums, and perhaps other t mgs bfcm so h,ng 

This point of view toward the relation ° f ” £, s most profit 

appears to be perfectly valid But it is proM ) . thc pmposmon 

able to examine here Instead, I should like » consider^ p £ ^ 
that problem solvmg, regardless of what m3 y k f learning 

a fom of leamrng All of the necessary formal 
■PKHSBurxnOKrss American Inslilule for Research P«.-bur E h. ream) 
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would seem to be applicable to the problem solving situation An indi- 
vidual organism is placed in a situation over which an experimenter has 
control Stimuli are presented, perhaps m some particular order, but at 
any rate extending over a period of time The individual responds, and 
his performance after the experimental treatment is found to be altered 
from what it was before, there is a measurable change from an earlier 
point of time in the experimental session to a later point of time Further- 
more, it is a change which can be shown to be retained Now, if he chooses, 
the experimenter may wish to make the inference that the subject (5) 

4 has performed a successful act of thinking ” It seems equally reasonable, 
however, to make the inference that the observed change means that the 

5 has learned If an experimenter makes these kinds of observations on 
the S, he may prefer to call it an experiment on problem solution, at the 
same time, his hesitation to employ the same S over again with the same 
categories of problems provides ample proof that he thinks the S has 
learned something 

If one accepts the observed change in performance in a problem solv- 
ing situation as evidence that learning has occurred, then it becomes of 
interest to inquire “what kind of learning’ ’ Is this a matter of operant con 
ditionmg, perhaps of chains of responses’ Is it discrimination learning’ 
Is it a particular variety of paired associate or serial learning’ Or, if it 
is not any of these, how is it related to these other forms of learning’ 
With respect to this last question, it may be noted that Underwood (1952) 
has discussed several methods of determining the relationship between 
problem solving and other forms of learning In general, the present dis- 
cussion may be said to be most compatible with the third of his methods, 
and n«»rW ?t ! 0 1 Cntlfy the mani P ula hle variables m problem solving, 
betw^n tlf S S ° mi ght be the functional relationships 

between these enables and the behavior observed 

Eoscm b '’u h v n ' “ d,smss variables which appear to 

dcfininE them *n,° ^ n ^^ Vlar as a * onT1 °f learning, with the aim of 
bles and then the* 3 T , d ° ne considering first the dependent vana 
to point I T Varab,K The attempt will be made also 

as thes occur in the nrnhu slmiIantIcs . or differences in these variables 
ing situations In addnionTome™ 8 s, ' ua,Ion ' compared with other harn- 
esses will be oflcrcd on the basis oMhe “"T Conccrnm S intervening proc 
c D:,s,s OI “c analj sis just outlined 

Dcpevdevt Variables Problem Solving 

and considerable TttntUOT ? cm “''’“E performance is not an easy matter, 
attention has been desnted to ,t by vanous investigators 
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Ray (1955) summarizes a variety of attempts which have been made to 
quantify behavioral measures in this area Duncan (1959) points out 
that sometimes measures appear to have the purpose of identifying process 
rather than product Quite often too, there appears an emphasis on the 
quality of the performance, as m Wertheimer’s (1945) treatment of good 
and “stupid’ solutions, Duncker’s (1945) references to “meaningful 
and “nonsensical” errors, and Maier’s (1930) descriptions of different 
categories of solution The replacement of such qualitative scores, often 
dependent for their usefulness on reliability of judgments among scorers, 
with objectively determinable measures would seem to be an eminently 
desirable aim for studies of problem solving 

As is the case with other types of learning, the investigation i of prob- 
lem solving must be concerned with two general categories o e a Jiora 
measures (1) rate of attainment of some criterion performance, and (Z) 
degree of correctness of this performance In other wor s, one is some 
times interested in measuring the speed with whic e in ^erre p 
of learning has occurred, and m other experiments, on e g b t em 

performance which has resulted from th.s process In the s udy of p obi em 
solving, the search for fuUy satisfactory measures relevant to bolh of these 
categories is still going on 
Measures of Rate of Attainment 

Rate of attornment of o terminal performance 
things as amount of time, number of presen a ran P 

non or parts of at), or number of errors required ^ , 

criterion The rationale is different for e about any or all 

careful expenmenter is likely to have some nusg, rings about an, 

of them in a given experunentd jiituatra^ the passage of time 

Amount oi time for solution A g ot w hich learning 

would appear to be a fairly direct indi appears to be a crude 

is occurring But in problem solving, umc s « unfilled ’ time 

measure indeed This is particular^ true -he^there - ^ ^ s may 
m which no overt responses are obs ’ something he previously 
be doing nothing of consequence, apparent that time measures 

learned, or even thinking For this rcas , f actors w hich tend to pro- 
of rate of attainment often are su J ec enta i situation is such that 

duce unreliability However, u t e p b j cm demands a number 
frequent responses are re ^ rC ?’ ^ *hen a learning program is em- 
of moves (Ewert S. Lambert, 19 ). senes of frames, it ma) be 

ploved which requires the S to res P° r measure of attainment rate 

that elapsed „m= can becomcasamfac'oo^^ „„ 0 f number cf 
Number of presentations — When on 
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presentations of the problem or its parts as a measure, a different kind of 
difficulty presents itself In this case the experimenter finds it hard to de- 
cide exactly what to present on repeated occasions Does repeated presen- 
tation mean repeating instructions, repeating the exposure of stimulus mate- 
rials, repeating “parts” of the problem (cf Maier, 1930)’ Besides, it 
frequently happens that nothing gets repeated, as in studies in which only 
one problem presentation is made, after which the 5 is expected to come 
up with a solution The whole idea of using number of presentations as a 
measure of rate of attainment in problem solving seems somehow to be 
incongruous with the aims of a problem solving experiment Repetition 
may in fact be involved in problem solving in ways which we do not yet 
know about But until the question of what is to be presented repeatedly 
has received some reasonable answer, the use of this dependent variable 
can be seen to be not entirely free of difficulties of interpretation 

A particular instance of number of presentations is the use of number 
of helps or hints” during the time of problem solving, as was done, 
for example, in studies by Maier (1930), Reid (1951), and Gagne and 
rown (1961) Although such hints may be intuitively satisfying to the 
experimenter, and may in fact have some effectiveness in bringing about 
achievement of solution, they nevertheless do not avoid the difficulty 
menuoned previously They constitute some “part” of the problem situa- 
»on, ut what part is not clear Under these circumstances, one cannot 
conclude that giving them the common name “hint,” and then proceeding 
to count them, is a procedure which will result in satisfactory measurement 
ol the rate of attainment of a problem solution 

T ^,. C s P cc,a ^ case ,n which the learning situation is constituted of 
rlrr° ns ° f 1112 problem 05 « H*afc. with minimal or no 
been emnW/»H measurc num ber of trials to criterion has someumes 
is used P for ^ ? mcasure °f rate of attainment Such a measure 
(Kucnn'e ^ m c ^P cnr:1!;nts involving transposition behavior 

dler 1959 to fi n d shlfl Savior in children (Kendler & Ken- 

monleys (Harlow 19*49 “li" CO " Wrncd wuh P roblOTS ,n 

“attainment ot coopts" (cf Kendtr" “min '’"S''"' £ ° lvl " g l V ^ 
discrimination i,,-,./ ' ^encuer, Ch 5)1 is being contrasted with 

it provided b\ the l 8 s,tu:1<lons ,n wIllc h a standard of measurement 

cant.) Sr a “TT 11 15 ‘ b °- lha * 

b) another (e g , by 7-jcaM'd ch Mr'' fte . prob,cm b y one S rou P tban 
penmenter usually reasons thu h d c “ ” 4 -jnar-old children), the cx- 
'Ohcd in ihe incases ("SuddenT” ' lndcr, >' m S Process is in- 

crilenon of problem solnne 1 t. ol solution has a long history as a 
critcnon” is nsefull S ’ “ SCCms c,car ,hat Ik measure “Inals to 
nscful in these experiments pnmardy because ,t can be con 
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sidered a good indicator of rate of attainment of a discrimination The 
experimenter may be interested in such a measure for problem solving, 
particularly if he has a hypothesis about what repeated presentations are 
accomplishing in terms of internal processes However, it needs to be 
remembered that repeated presentation is only one particular set o 
learning conditions for problem solving, and often quite an inadequate 
one For the variety of problem solving situations which do not repeatedly 
present the stimulus situation, the use of the measure “trials to criterion 
contains the difficulties previously described 

Number and kinds of errors— The number of errors as well as number 
of errors of various types, may constitute useful measures of rate of at- 
tainment m some situations, while not in others Like trials to cn enon, 
this measure has sometimes been employed in studies designed to revea 
a contrast between problem solving and discrimination An example s 
Kuenne’s (1946) study of transposition behavior When the UP ^ 

one requiring a sequence of steps, as in the case wi ou 
with the Psi Apparatus (John, 1957), number of 
ber of irrational moves, or number of redundan ’ fHichland, 

error measures The findings in one study o tr °“5 ^ difficulues 

Newman, & Waller, 1956), however, serve to 

of interpretation of error scores In this study, num e f h b- 

was found to bear little or no relation to success m 
lem, but there was a relation between the p found to make 

solution Subjects successful m "J""* nhe malfunction site early m the 
more moves away from the vicmity ma if un ction late in the 

session, and more moves m the vicim y may be several 

session, as compared with unsuccessful so ver uor( j Sf (here are 

different reasons why excess mows ' are * relatl0 nsh.p "«th rate of 

several different types of errors), a Pj of a pro bIcm 

attainment may be too much to expec , . *he degree of control 

However, there are some |, f a like ‘ excess 

exercised over the S' s behavior is su pcct> moves may be similar 

moves’ seems entirely adequate In -uj, controlled conditions 

to a time measure, when employed under a Enable measure of 
For example, ‘excess moves uppea problem emplojed in 'Indies bj 
rate of attainment of the disc transfet ? T, m bert (1932), end Garni 
Peterson and Lanier (1929), nrn b) c m the minimum number e 

and Smith (1962) In this land of P™™™’ Ftirlh crmorc, the moves 
moves required for solution is . jj invo Ive the moving of a 

themselses are all of one class that “■ > „ch mo se in excess of 

counter to a circle Under these c ' rror , and furthermore the 

the mm, mum required may be counted as 
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number of these errors may reasonably be considered to reflect a rate of 
attainment which permits comparability among Ss A rationale of some- 
what similar sort may be made for the use of “moves” m the Psi Appara- 
tus, where the moves are again all of the same sort, pressing buttons 

Summarizing briefly the state of affairs for the measurement of rate of 
attainment, we have seen that number of presentations is of limited use- 
fulness m studies of problem solving, except in the special case where the 
problem situation as a whole is repeatedly presented, as when discrimina- 
tion is bemg observed as an alternative learning process In other leam- 
Situations for problem solving, number of presentations raises the 
difficult problem of what is to be presented, whether parts of the problem, 
instructions, or hints Time and number of errors, on the other hand, have 
some potential usefulness as measures, but only in situations where the 
c avior o e 5 is suitably constrained Time, for example, appears to 
, a r ^f Sona le measure when frequent overt responses are demanded 
’ USe ® f a learmn g program” to bring about problem solving), 
r. . e °PP° rtum ties for other activities, such as internal re 

similarly t * Xeir effects Errors > or number of excess moves, is 

the tvrJ nf Ppropnate measur e for rate of attainment, but only when 
which^pnmrJT r ° f lS com P araWe f° r different Ss, as in problems 
quire frequent button pushing as part of the solution itself 

Measures of Criterion Performance 

blc to dis tfn pin ft, Vi^ ° f measunn 8 the solution of problems, it is possi- 
p ocess of Xnrn nr mVes !'& atIons focus of interest is on the 

^ been 

or m mrcrenc^conc^L T T“ nre (L,n S' ,946 - I957) ' 

Austin, 1956) The treatment 1, US ' ° f stralc 6 les (Bruner, Goodnow, & 
product measures CrC P Tcsc tited, however, will consider only 

fairly briefly ssnh the mattcTof h* pr ° bIl ; m solviI1 S performance can deal 
But it is necessary to consider ah° W S '" S e problcm s ° lu tion is measured 
explicitly included in ernenm,,, aSpect of Performance not always 
'<y (or transferability) o^Dcrfnme" p ™ bI ™ 1 solving— the generalizabil- 
roent may be involved in ih^ nce l ^ esc ^ ,n ds of measure- 

Sm S'e problem solu-lon — Thi^VT'," 1 of thc cn,cnon performance 
measured as an all-or-nonc score tlTT °? a !,n 8’ e P rob,cm is usually 

ool There do not appear to ha« bJnm' S °' VCS ‘ hc pr ° bIcm or hc 
Cl to nasc been many attempts to depart from 
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this principle of scoring Being “partially correct” in solving a problem is 
considered as unlikely a state as being “slightly pregnant ” The exception 
to this again occurs with those problems in which a number of mo\es 
of the same type is the essence of problem solution, like the Psi Apparatus 
and the disc transfer problem But most problems require scoring as pass 
or fail 

A methodological implication of this scoring requirement may as well 
be mentioned here If pass or fail is the melhod of scoring one must 
expect to use a kind of statistical analysis which is appropriate to t is 
measure, namely, a method which permits the testing of differences among 
frequencies or proportions Several possibilities, including c 1 square, are 
available to the experimenter 

Generahzabihty of solution— It is usual, in studies of problem solmn 8> 
for the pass-faff criterion to be applied to any soluuon which has an 
equivalent form For example, if the S has solved a matchsuck prob em 
correctly, it is not necessary that the matches assume an exact phys'ca 

pattern, but only that the required number of squares be fomitd Or ff 
the S » solving a numerical problem, an answer of 12/5 may be con 
sidered equally correct to one of 2 2/5 This means tat the correct 

answer” is an abstracuon from (he • P r ° d "" s ^"fhe S]t J;„ n ob ia,nmg 
sponses themselves There is a contrast her v rcainre the 

in studies of verbal learning, m which the e *P e ” sjm j a nty to it for 
response “happy” or something with close p y In pro b!em 

correctness, but would not accept the respem f 
solving, a solution is considered correct w en implied by such 

lence. and this obviously goes far beyond the equivalence implied y 
a phrase as response generalization (c “ ’ ]d scera t o be some- 

Measuring general, zabff.ty (or doM (eg, 

thing which the experimenter on n r 1 J o[ problem solving, as 

Katona, 19401 It is my belief that the mler r ^ dOTOnstra „on 

a process distinct from other types o ear ° Ji t ra *ion should be made 
of general, zabffity, and therefore such a demonslralicn 
much more frequently than has been t e c t intends that his 

It seems clear that the prob cm: fur the 5 
learning situation (when successful) s t sim nly a single member 

to solve a class of task which be de e » hoscn t0 illustrate this point 
of that class Almost any example coul , 933) There arc several 

—let us take Maier’s Candle ProWem ( |he cn tenon perform* 

diflercnt learning situations which «?« (Q blov , out a candle 8 feet 

ance of fitting together the 5 »a,ch this being 

away One of the most obvious w°n Id J* fin , t construclion It would 
done, or even look at a picture showing the 
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: effective 


surely be agreed that such a learning situation would be quite 
in bringing about the change m performance which the experimenter has 
decided to be interested in But this is what some writers have called 
* reproductive’ learning, and it is not the inference which the experimenter 
in this case wants to make — instead, he wants to say that problem solving 
has occurred It would appear that the only criterion which can make 
such an inference certain, is to show that the performance is immediately 
generalizable to an entire class of tasks of a type which the experimenter 
defines (or preferably, has defined beforehand) For this example, such 
a class might be * using clamps to hold short tubes together so as to make 
long tubes As is true for certain other investigators, Maier does not ac- 
tually make this demonstration of transferability Yet there seems to be 
htUe doubt that he believes it could readily be made, in fact, the reader 
usually has little doubt that it could be made 
The requirement to establish generalizability as a condition which 
just cs t e inference of problem solvmg, as opposed to * reproduction,” 
as en recognized implicitly by some investigators, explicitly by others 
nHH,. J CCSS w ,S ’ f ?L eX f mple * fairIy obv,ous m the case of monkeys solving 
m CmS ar 0W ’ ^949) No one would be particularly excited 

f ™ J* a monkey had solved a single oddity problem Rather, it is 
different f i° s °l' cs a variety of problems with a number of 

“ °. bj !, C 1 tS ' reSCmbIl "S ^ch other only tnsofar ns they 
it nosuhle tn ° f ** °f dlt y problems" by the experimenter, which makes 

L ha o the P 50lVU,S ( ° r karan S sel) a PP= ars 10 * 
solutions ^ U945) regarding “good’ 

ssould acouire 3 parallelogram Wertheimer wishes that children 

I Sr,lT !, 01 find: "S far (our sided figures,” which 
'? V™ S,ded fi S“ res - rather lhan learning 
oter words ?“ la , <6 X h) ,or ,hc “rea of a rectangle In 

a class of tasks Tn ’1°° ^ 3 ®°° d * so,UUon 15 generalizability within 
sc „ fcttaon V ™° nS ' aSkS “ “ Sed ’° -"dtcate the mSuc.ce of 

though has “irr tao'rT r b ’T (L ” CbmS - I946 > N ° 

(1940) When 5s sok e h, a °, rc thorou £ h emphasis than Katona 
ductivck, he expects them t C k 1 !" Ck ° r matchstic k problems nonrepro- 
of the same class Not on! ° i ^ C ,mmcdia tely to solve other problems 
>n his experiments but he ^ ^ th,s cnter,on of transferability 
■ bis dnlmcnon £££,”%?* ^ ** <™sfcr plays 

learning ^ ization learning and “reproductive 

“rri-s the implicatiM (h'a,™™^^ E '" cr ? ,lzil ^ llt y ln Problem soiling 
ancc is not “response tied ” * t* hlch Undcrl,cs successful perform- 

^ t,Cd Not on! > «“y ‘he solution to a single prob- 
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lem have a number of equivalent forms, as we have already seen, but the 
capability which is acquired by the S must be one which underlies a great 
variety of specific performances all appropriate to a single class of task 
The point is, if monkeys have learned to solve “oddity problems, ’ one 
assumes that this solution could be exhibited m almost an) response mode, 
whether by stepping on platforms, pushing buttons or opening doors^ 
Similarly, if a human S has solved the problem called “adding fractions, 
one expects this could be exhibited in any m of an infinite number of speci c 
responses It would seem, therefore, that if one wishes to speak of correct 
responses” in problem solving, as opposed to “correct answers, he must 
use the former phrase in a purely metaphoric sense It would perhaps be 
preferable to avoid using it, for this reason The property o genera tza 1 
ity of problem solution sets this form of learning in marked contrast t 
serial, paired-associate, and discrimination learning n sue o , 

finding of immediate transferability would presumably be distu ' S 

the expenmenter, in problem solving, it is confirming Aoordmg^ 
demonstration of generahzabihty may be considere g of 

criterion for the distinguishing of problem solving rom 
learning 

Independent Variables 

What are some of the independent janabta 
or shown, to affect problem solving perfo . ejl h cr controls or 

parts of the 'learning situation" that ^ “ p ' omc , mmc diatcly to mind 
manipulates? Two major classes of ‘ ^ presentation of stimuli 

when one asks these questions First, pendulum problem, 

or “stimulus objecls,” like the string and o( la P , ec and 

the pattern of matches in a matchstic P r ° . 1 [ lcre a rc instructions 
small squares in a reversal shift probem nr ^btcm ” or perhaps for 
to the S, given so that he will “understan the rationale, n 

the deliberate purpose of establishing a sc nc funelions other 

seems likely that instructions in problem soi b b) the expen- 

than simply restricting the Shi behavior , „ c nc cd lo examine 

menter for measurement purposes Conscqacn _y, 
them more closely than would otherwise be the 

The Stimulus Situation ^ stim ulus situation 

One can identify certain s,imu1 ' °!?f bccmnins of problem soiling 
which retain their physicat identity fro Malcr -s hatraek problem 

to its end For example, the sticks and P, rc main ihe same, physi- 
are a part of the original stimulus s.taal.on. 
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cally speaking, when the solution has been achieved Similarly, in match- 
stick problems, the matches retam their physical identity during the 
problem presentation as well as in the solution But the identifying of such 
unchanging status for stimulus objects may be a somewhat trivial thing 
to do For the most striking set of events in problem solving, most authors 
agree, is a change in “patterning ’ of the situation from the beginning to 
the end of the session Duncker (1945), for example, conceives of prob 
lem solving as a set of events which get the learner from a “given situa- 
tion” to a “desired situation ” One can say also that problem solution is 
not bound up with the physical identity of the matchsticks before and 
after solution, but rather with the change in pattern which they assume 
after solution as compared with before 

Several writers on problem solving have also emphasized that the 
subject adds something to the stimulus situation when he solves the prob 
lem This appears to be the meaning of phrases like “going beyond the 
information given,” used by Bruner (1957), and ‘ filling in gaps,” as dis 
cussed by Bartlett (1958) It may be that these expressions are simply 
ot er ways of expressing the idea of ‘ reorganization” (or a similar word) 
° ther Wnters (e 8’ Duncker, 1945, Katona, 1940, Maier, 
9 UT t ,m P° rtance these ideas for a description of independent 
variables, however, is this the stimulus situation for problem solving 
must be one which is capable of being specified in conceptual categories, 
heesL h ^hJ n . ™n„ 0f c phys,cal sl,mu,us characteristics This is true 
thine W Ih * s , ttle E a P ' ™ st he an abstraction, rather than a 

^ng with part. cular phystcal character.st.es, whatever ts “newly organ- 
7 ™ / \ C0 !’ ce P , “‘> 1 “My The number senes 1 2 5 - 17 33 

“,muta s rtuahoL h h ' mber % b “‘ ’ f “ ,s ’ lh,s means that lhe on S mal 
on” page " cora P os,;d "ambers’ not simply of numerals 

nonte'tobkm ^ Sa ' d ' hat “> ‘he stimulus s.tua 

esen occurred to most mvcst.catorx^M, h ' S at ' empt haS a PP arentl >' ”°‘ 
arc to allow animals to be Is ” “ h " man P rob,em mI ™S hut if we 
single example of thr v n sucb ex P e nments, it may do so The 

demonstrate the reason So Was"'^ P roblems shouId clearI > r 

arc - stimulus tied • lhal correlated' 77“ “ raak '” 8 ^P 0 " 5 ” ' vhlch 
non his bchasior can , lcd WIlb a P artlcu lar physical confieura- 

explain d,scnm,°na, o„ ^ “ " hate ™ -* » 

to be correlated no, w, h? SO °" as . h ' a responses arc found 

which the experimenter ne m e ar 7! ai c SUnm,U! bu ‘ with a stimulus class 
law. or (whether “large," “middle/ “odd,” ‘be- 

’• 3 l undame ntal requirement for problem solvtng 
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behavior has been met [Excluded from consideration are those instances 
of “near-transposition” which can presumably be attributed to the effects 
of primary stimulus generalization (cf Kuenne, 1946) ] It would seem 
evident, then, that the specification of a stimulus situation for problem 
solvmg must be in terms of abstracted properties of stimuli or their 
physical arrangements Such a state of affairs places problem solving in 
contrast to trial-and error, discrimination, or even to human verbal re- 
productive learning, for in all of these instances the experimenter strives 
to describe stimulation in physical terms, and to maintain physic 1 entity 
from trial to tnal or from session to session At the very least, even w en 
physical variation is permitted, he attempts to stay within t e 
by stimulus generalization For problem solving, certain 'in s 0 P ^ 
variation are unimportant because they are coded in e s 
(like saying “2” or “two” for the number 2), w le ot ers y ^ 

traduced deliberately (in order to prevent the acquiri g ^ h 
habits) What remains constant about the stimuli is the class to 

stimuli which are intended to have a direct re a 10 P property 

and stimuli which are not so intended, but or w «c ^ sa ,j t0 

may be related to responses The first kin ° bctwccn 

funchon as definite identities , that is, one S Icarned The second kind, 
a particular stimulus and a performance t fominncc may be called 
in which the class of stimuli is relate to P cr one needs to specify 
indefinite identities * For the study of problem solving, onc 
the stimulus situation in terms of indefinite i cn 

Instructions . They 

Almost all experiments on human lran>mg / tcTcixe him an ach.csc- 
are used for various purposes to motiva e , mcnta i situation 
ment set, to provide for his adjustmen t0 pu t constraints on 

Besides these things, they permit the exper ^ ^ oraI ^ponses 
the S's behavior — by getting him, for P ’ 0 « drum, to push one 
which are audible, to watch the win ow and perhaps others, are 

set of buttons but not others All of thes S’ st Jj ies S y c may not 
effects of instructions that are common satlS fy ourselves that they 

understand very well how they ''or * . unwanted variance from 

are in fact capable of removing large ^ considered furt cr 

the experimental situation Tbesc functions need 

hcre . r these pbravi dur$ 

•I am indebted to my colleague «*«*"■ ** ** 

two types of stimuli 
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In problem solving situations, instructions seem to go considerably 
farther than would be expected by these common functions Investigators 
of problem solving sometimes state that instructions must "define the 
problem for the S, that they must give him an “understanding of the 
goal , or^ perhaps even that they may “establish a set” or “introduce 
direction Is all this necessary 1 * Have experimenters in this field become 
somewhat softheaded and perhaps careless, in allowing instruction to 
o so many things in problem solving 1 * How can we control a learning 
situation containing such relatively ill-specified variables'* 

In problem solving studies, instructions appear to have, besides the 
consigning function previously mentioned, a contributing function Al- 
oug t is may occur in other types of learning situations, it is given 
. J r cniphasis in problem solving Instructions in the latter case stimu- 
thr* Cam ^ r en 8 a 8 e 10 activities which presumably contribute to 
nccessanlv idln/r P rob soIm,on * though these activities are not 
that mstmetm UDab e ” 81131 P erforman « : It is frequently the case 

“ m . a ptffcm solving experiment embody some of the 
* r 1 '?’* These variables may, of 

and thev mav C in ° tbcr wa y s wb en one is dealing with animals, 
humatTbemes B„7mT t “ “pretrammg” sessions w„h 

statements that ea 5 ^ lca Wllh human 5s, they are handled by 
(By"m«nictl"T “ mm “"' aa >‘ 0 n from the experimenter to die S 
shown to alter his b^ha ^ commu ” ,cau °tt to the 5 which can be 
except the stimulus ^he' ” p S ' ' ' S eVer T th J nS e,sc 

bo expected to male the **£,?£££ ^ 

It seems worthwhile 'to'quotTa o f b<: 8cSCnbcd ' we "eed an example 
by several invcstieatorc „°* ,nstrucll °ns which has been used 

ac as ioiio« s, ;c r ’pmh.rri' y dcs,s " cd Ma - o»<» ^ 

"hich \ull swing o\er this nomt / instruct two pendulums, one of 
end one which will swm c T* md ' Ca ' ed ° n n ° or . Figure 2) 

pendulums should be so constrariirfT". [°' her croS! ,nd ‘eated) These 
fastened to them which will male lhat " lU havc a P ,ccc o[ chalk 
points on the door mst indu-IHd x? n,3rk <wh,ch can be seen) on the 
hang the pendulums to That r n r 3tUralI y ) ou m ust have something to 
the tabic about Otherwise do 10 worr y about Don’t try to move 

)°ur disposal That chair howesrr ^ ^° U Want 10 * rh,s matena l JS at 
)ou maj use it for a work hrn>»k ’ 15 not , t0 ^ P arl y° ur construction, 
)ou wish so long as it is free wh™ 3 ^ ^ f ° r n,cd,ta,l °n, or anything 
tree when jou are through Asl any question joi 
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wish I’ll be glad to assist you in building, only you must tell me what to 
do” (Maier, 1930, p 118) 

Besides these instructions given to all groups in his experiment, Maier 
used an additional set with some groups, which he describes as dealing 
with “parts” of the problem In brief, these instructions were as follows 
Part A, how to make a plumb line by using a clamp, a pencil, and string. 
Part B, how to make a long pole out of two short ones, using a clamp, 
Part C, how to hold up a screen (for a projector) with two poles, by 

SUU greater variety was given to the ‘ wstnictions” variable by Mater 
by including for one group the strong suggestion that w at mus e 
is a matter of “combining ideas’ , and for still another group, a 
additional instructions called direction The latter went as 0 

“I should like to have you appreciate how simple this P» b * f 

be if we could just hang the pendulum from a nai in _ reciatc 

course, that is not a possible solution but I just wan ) PP^ ^ ^ 

how simple the problem would be if that were possi f Maier, 

not possible the problem is, as you may find, really quite difficult (Maier, 

t9 mZ threat vartety, .here should be bale *£*-*££ £ 
dependent variables in problem solving were c0 " s v h t j, cse as an 
cemamed m one or more forms of these w* mcnon, 
example, I should hie now to try to Ml J * 1 '“"SU be some 
were seeing m Ma.er’s expenmen., w.lh .be hope .ha. .here 

generality to this determination „ DreS scd as something that 

Each of the following functions will P , instructions and 

die S was (hopefully) able to do, after heanng Maters 
responding to them ^ 

1 Identify the terminal performance Jlif'the S that what is required 

most enUrcly concerned with this function y mar L thc floor but w ic 

a construcuon which will contain I»o P'"*’ 1 ”'" 5 

Will not contain the chair while not devoting a great ae 

2 Identity parti of the stimulus situation iJenhty a r cnJl,! ' 

time to ,, Maier s .ns.rucUons do ley to ,*dt malt • ***£' 

(as someth, ng that .wings freely ™ ,he shmulu. ».«» ™ 

course the problem was one in » l ” ch , , assumed .0 be .tread* 
chosen to be famrhar accord, ngly. idcnt.licahon ^ 

pl ished for most subjects axpatilu et Th * seen* to 

3 Recall recant subordinate f ^ ctl on of Maier* tl) 

a prominent and probably also ^ may be c. 

first of these contained in Ibe imbal lJcn „reJ as r>"< A 

suspend a pendulum by hanging c * ^ ru-f‘-T 

described in a previous paragraph- nrrear to have the tun 

4 Channeling thinking The instructions apf* 
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the S*s thinking into profitable channels In other words they serve to weaken or 
eliminate certain hypotheses that the S might reinstate and to strengthen others 
The word “construction” in the initial instructions may hase this (additional) func 
lion The suggestion "put these ideas together” definitely seems to fall in this cate 
gory And of course, so do the “direction” instructions which have the tendency to 
s*rength*n hypotheses concerned with “hanging the pendulum from the ceiling” 


Let us now consider whether there are other sources of evidence for 
these variables, in other problem solving situations, and perhaps also, 
the extent to which they can be manipulated within an experimental set- 

Identijymg the terminal performance — This is a variable which is not 
often dealt with in any way except to ensure its presence While one can 
conceive of getting this variable to vary m a continuous fashion (eg, 
varying t le degree of precision with which the S can identify the required 
performance), the most obvious variation is m or out If instructions are 

sumlhi U ,t! ' V Cnab,e lhe S t0 ,dentl fy terminal performance, pre- 
maWy the probability of his attaining a solution will be reduced There 
u muc 1 orma * cvi dence to be found for this prediction, however, 
"definLT ‘"I™ 5 3re mcbned t0 emphasize the importance of 
onlh In thC C0Urse of 3 stud y by Gagne and Brown (1961) 

sen« ss^i-rf ° f Sla ‘ mS f0m,U ’ as (or of » terms m number 

to the Drohle ' "Ilf” 1 mU,al observa tions a number of 5s who responded 
S" ,,h ‘ ™“"«1 ■»«. rather than with a symbohe one 
be counted as in ? coursc ’ ftron g. end would under these circumstances 
our instructions “'“t 10 ” * f tus observation led us to revise 

general confirmation" of"a * eam,n S program) to ensure that the 

■t ,s poss,b.e g “haUh,s LndToh S ° ,U,, ° n * **** * ^ S 

problem solsine in m r u hscrvation has led other investigators of 
rather than lease it out' At Ud= ' hlS ' anabIc ,n them instructions, 

to id-ntlf), and ,s virtual!^ PrCSCnCC “ lnstruc, ‘° ns 15 eas > 

must respond "cor , rccUv C to°ih , ' C M " a "°n —The problem solver 

«n the sense or differentiating 1 * *? C st,mulus situation, particularly 

used presumably the Problem °" S U ,hc "° rd ‘pendulum" is 

canon can be made J ^ -less a correct ldentifi- 

pcndulums from constructions wh.ri n » ° f bc,ng able to P ,ck out 

Ions such as those m mathonvn f ? 001 P endu ^ ums In symbolic prob- 
symbols, a cocfTicient m an Tl T ,dcnt,f,caI,ons must be made of the 
from an exponent Achimm* "?, aic cx P r <*sion must be differentiated 
if such id-ntifications arc mcorJ^* ° a ^ considc md to be impossible 

incorrect Although this variable in the learning 
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situation has not been systematically studied, frequent reference is made 
to it m practical situations Studies of electronic troubleshooting frequently 
emphasize the importance of “perceiving the situation correctly,’ which 
surely conveys the meaning of concept identification and differentiation 
One can most readily conceive of varying this factor of stimulus-object 
identification in an all-or none fashion, as is true for identification o t e 
terminal performance When the problem contains a number o o jects o 
the sort which tend to be confusable, it would presumably be possible to 
vary the “amount of learning ”— 1 e , the number of identifications acquire 
or to be acquired It may be supposed, though, that the varab e = u y 
operates in all-or none fashion in being prerequisite to pro e »’ 

if any of the required concept identifications cannot be ma e, no p 
involving these identifications can be solved, regardless o e p 
other variables , 1C 

Recall relevant capabilities — As has been state , is hcrc 

considerable prominence as a function of the set o con 1 establish high 
called “instructions” The expenmenter .s 

recallability of “part activities, ’ which I suggest g Moreover, the 

capabilities Maier’s “parts” fit neatly ,nl ° 1 (1955) shots 

work of Weaver and Madden (1949) an ° f subordinate 

clearly that increasing the recallability (aval y ^ sncce|sfuI 
capabilities leads to significant increases PP , hat , vhcn 

solutions to Maier’s problems katona s r „ r 1 Hnblc. the proportion 

an arithmetic or spatial principle is made ig y Wcm situations 

of solution of matchstick problems rises r „ C al| a biIit> of subordinate 
Kendler and Kendler (1956) establis g n o[ p rob | cm s requiring 
activities m children, in order to study ana!! ram solution (Maltr- 

an integration of these activities In tne 1935 ) the establish- 

man, Eisman, Brooks S. Smith, 1956, „ or]es ( ,hich can be used 

ment of high recallability of certain “ number of solution< 

in problem solution accomplishes striking - screral spccifie V, 1 } s in 
Recall of subordinate capability ^,„ded as he 

the problem-solving experiment The m ) - catcc or> in anagram proh- 
is, for example, when instructions slate 3 tbc subordinate acmmes 

lems Or, he may actually be required lo p ^ functions of stimulus 

in one or more trials, as when he is as c continuity between those 

objects (Saugstad, 1957) There »PP«“ ", b mc3 ns of .nsmiclio-< 
situations which accomplish the re ji uir , prctrauuni: as in an-aera 
per s=. and those ssh.ch bring mca'labou bj ^ p 

studies, the Kendler studies ssith children f ]9J( . Saucstad 1 5, 

availability of concepts (Judson Cofcr, Z oc. 
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Staats, 1957) When only instructions are used, one can consider that 
recall is being effected by the method of recognition, whereas the method 
of recall (reinstatement) may be employed either as part of the instructions 
or in a separate training period 

It is clear that what is being recalled m the problem solving situation is 
not the criterion performance, but some lands of subordinate capabilities 
The most obviously manipulate variable used for this purpose is number 
of repetitions However, one should probably not lose sight of other fac- 
tors affecting recall, particularly those of timing It is not unreasonable to 
suppose that the passage of time following the initial establishment of 
subordinate capabilities may affect their recall In addition, it may be neces 
sary that some critical time interval be ensured between the recall of more 
than one subordinate capability, in order for problem solving to take place 
It is entirely conceivable that the processes of sort term memory (Post- 
man, Ch 4) may be directly mvolved in these events Underwood s re 
marks (1952) about contiguity in responses as a factor m concept learn- 
ing appear to make a similar, or at least a related, point 

Channeling thinking —Besides the direction’ used by Maier, several 
other procedures have been followed in channeling the 5 s thinking along 
certain lines and away from others Katona (1940) used certain types of 
demonstrations both in his card trick and matchstick problems, and found 
them to have considerable effectiveness, as was also found by other mvesti- 
gato s (Hilgard, Irvine, & Whipple, 1953) A number of stud.es have 
I Th PS . ° r t hlnts " ' vhlc1 ' appear to be performing this 
in slrenrih er.u* 10n tl,a * certain ha bit family hierarchies may be increased 
occurs in Maltam? •°moc«v ccr,om e, ™ents contained in instructions 
of cuidancc is m 5 ^ l ^ coc >' problem solving Of course, amount 

(19W studv cl 3 r'n ' "f may ,ake a Kr ° value, and siugstads 
be unnecessary in/ S tbat even w,th Maier’s problem, direction may 
Pr0Hem ”*”• ’ f capabilities are ad l 

scst,gauons°of C the guidancc^thrakin' 3 T' “L*' prCSeDt " mC FeW 
It is even possible that it , s c „ t ,‘i ” 6 n baVC been made m Iccent y c3rs 
solving or that it is a misniTnort ^ unnecessar y variable in problem 
has plavcd in several nrohTem i° nC ^ Ut m v,ew prominent part it 
to ignore it entirely h seems P robabl { be unW f C 

tions or instructions that serve to sirrnSfc y be a SCt ° f mani P ula ’ 
and to weaken others, semnn therf»K ? bC ° ccrtam “channels of thought * 
solving But »c do not knowdLly what^h,^ “ P ' hC prOCCSS ° f P rob,eI ” 
to measure them y 31 ttlcsc manipulations are, or how 
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Individual Differences Variables 

Investigators of human learning are always beset by problems of how 
to handle individual differences in an experimental setting Even in studies 
of conditioning, the problem of “voluntary ’ eyelid responses plagues the 
experimenter In the learning of paired associates or serial lists, the \ery 
large differences among individuals in such measures as number of trials to 
learn gives rise to a variety of techniques for obtaining group measures, 
perhaps none of which is considered fully satisfactory Concept learning 
studies must contend with individual differences that are even more ‘verse 
Consequently, it is not surprising that the prominence of indivi ua 1 
ferences in studies of problem solving attains the status of a crucia pro 
lem, rather than simply being a vexatious nuisance 

Generally speaking, the problem of individual differences is an e , 
far as the final performance is concerned, by abandoning t e a » c P 
measure “degree of learning ” and by counting the num er o i 
who achieve or do not achieve the required solution t bc _ 

level the accusation that by adopting this procedure, sue , cnt 

come nonquantitative The proper quantification o pr 
may in fact be one of pass or fail, as has previous y ecn s dif- 

When viewed from the side of the independent vanable, ^>v,dua. 
ferences in problem solving studies can be han J f designed 

ga.,o„s of transfer of trahung The “ °^ c Jjcct 

to produce differences (among contrasted 0 f terminal per- 

vanables previously described, namely, in i en ' „ of subor dinate 

formance, in identification of stunulus-objec s, a ko U t such 

capabihties Havmg established condmons esi^ ^ ^ $tandard SItU aUon 
differences, the individuals can then oe su j , d performance 

(including the stimulus situation and other ins ^ wa) S)S . 

on the final task observed Were mdividua r design would pre- 

tematically in problem solving studies, ‘^^amm/stulcs 
sumably be comparable to those in trans e h inc jr\itJual differ- 

But although the potentiality for dealing > present, it must be 
ences as manipulate independent varia (0 dealt with in this 

said that this has not often been done It taey easu red. not simp!) 

way, individual differences must be .J^ona! situation If one 

assumed to result from some changes in , n di\iduM differences he 

has a serious interest in determining the e individuals C cn identify the 
must measure independently whether or n0 »<nccts of the stimulus situs- 
terminal performance, or can identify rules ant aspcc 
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tion or do possess certain relevant capabilities The importance of this 
approach is suggested particularly by the various findings on the effects 
of variations in subordinate capabilities on problem solving achievement 
(Katona 1940, Maier, 1930, Saugstad, 1955) In some of these studies the 
effects of instructions in producing individual differences is only assumed 
But in Saugstad s study the possession of a subordinate capability of 
using a glass tube to conduct an air stream was measured directly The 
implication is that problem solvmg needs to be studied as a two-stage 
process, as one studies transfer of training The first stage involves the 
measurement of subordinate capabilities, the second stage involves the 
measurement of the final performance 


The Nature of Problem Solving 

As a means of summarizing prior to considering the relauonship be 
tween problem solvmg and other forms of human learning it would seem 
desirable at this point to try to weave a design which pulls together the 
threads of our previous discussions What is the set of events that is 
called problem solving? 

The individual learner, we assume, comes to the problem solving situa 
ion tilth certain basic aptitudes But even more important, he comes to 
it with certain previously learned capabilities which play a very direct 
role in his problem solving behavior, in the sense that their presence or 
bsence determines whether or not he will successfully achieve solution 
stimi]l*wl? n i, C f ter c *P° ses t0 f b' I'atner a stimulus situation containing 
2’“ first must * - a conceptual sense Some of these 

nej-rhe *, ma> h:lVe becn P revlous 'y acquired while some may be 
"ons^^ PC r' n,C cT n,Un,CaleS W,Ih lh = by means of ins.ruc 

stimuli , Ilfs' bchav,0r of ,trc 5 ”> four "ays identifying new 
,0™ of the r” lndefin,te ld '"""'s) ■beatifying the ejected 

ties and channel! * Is armancc recalling previously acquired capabili 
may S made m E V '" E a rc, " am direction These four factors 
Poses The ^ ^ 

amount of time At the end of ! P 2 solv,n « "q-'n-S a certain 
serves that the S cither has or h rca s°nablc period the experimenter ob- 
meant that he has nr n0t so ' ec * l ^ e problem By this is 

define the problem (tor th^ f’_ r ° Vlded an ansv,er to a class of tasks that 
wrong the achievement «f i P cnnv * nl '* r ) Unless something has gone 

should men r ° r ^ ° r ,asi5 

In this account certam oam hll? any ° thCr n ’ Cmbcr of ,hc da ” 
be similar lo those encounter ,i C , 3 rm S ° [ familiarity and seem lo 
'-countered ,n other forms of learning At the same 
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time, there is a striking difference which can perhaps best be summarized 
m this way the learning situation for problem solving never inc u es per 
formances which could, by simple summation, constitute the criterion 
performance In conditioning and trial and error learning, t e per ormance 
finally exhibited (blinking an eye, or tracing a path) occurs as a part of 
learning situation In verbal learning, the syllables or words to be Iearne 
are included in the learning situation In concept learning, °we ' 
not always so, and there is consequently a resemblance to pro e _ t 

in this respect Although mediation experiments may P r f“^ 
during learning which is later a part of the criterion P er , J re _ 
concept learning experiments do not use this proce ure 
quire the 5 to respond with a performance scored in a way which was no 
directly given in learning (the stating of an abstraction such round « 

‘long and rectangular”) Similarly, the ° lvmg concept forma- 

presented within the learning situation for problem sowi g 
tion and problem solving are nonproductive s js 

An implication of this difference is that in of the 

clear distmction between the learning s,tua j 10 " solving, one first de- 

final performance When preparing to stu y P Having done this, he 
cides upon a terminal performance to be learning situation (or 

then takes the entirely separate step of prepa ^ include the 

‘ learning program”) which cannot, by tn * what it docs in- 

specific final fash later to be emp ^ < 2 > 3 
elude, as previously suggested, is (1) identified 

of instructions having the functions previo y |{s n3 turc a trans- 

A corollary implication is that problem so ^ rst differentia! Icam- 

fer of training situation The paradigm whicnnw ^ ^ standard c i a$s of 

mg treatment, second, measurement o per ° , ma y be required in 

tasks Of course, various refinements o But besides this, the sugges- 
specific experiments for purposes of co , nc whatever it turns ou 

tion is that the underlying process of pro “ An d one is tempted 

to be, must have a lot to do w,th 

to remark, how little we know about transfer /consideration of hou 

Having noted this basic distinction, e . _ . . sirn picr?) types of earn 
problem solving may be related to ot er P° of ^ arl0 us forms o c 
mg Table 1 contains paradigms and des P Basically. i« c0 " £ 

mg, from conditioned responses to pro relatively simple respo 

tion is that what we call learning ranges from ’ 1S SC cn «o res d. 

learning to complex problem solving n naturC of what has to 
not so much mwhat is learned, as m the nature ^ DonC an 1959) » 
a\ailable (either shown to be or verbal paired 

order for various types of learning to 
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learning in its pure form occurs when the responses (or response-connec- 
tions) are already available (cf. Underwood and Schulz, 1960), originally 
made so, presumably, by previous learning- Concept learning is in turn 
based upon the assumption, or actual establishment, of preavailable verbal 
“labels,” which have previously been acquired as paired associates are. 
(This prior process is, of course, the stimulus coding discussed by Under- 
wood, Ch. 2.) And so on until the most complex form, problem solving, 
is reached, which depends upon the preavailability of capabilities acquired 
in all the other forms of learning. 

Let it be clear that I should not like to claim that the table is an ex- 
haustive one, or even that all the subtleties of the various forms, as they 

TABLE l 

A Suggested Ordering of the Types of Human Learning 


Type 


Paradigm 0 


Description 


Response S-R 

learning: 


Establishment of a response- 
connection to a stimulus 
specified along physical di- 
mensions 


Chaining 


S-R~ 


S-R 


Establishment of chains of 
response-connections. 


Verbal learning 
(paired-associates) 


Concept 

learnlrg 


Principle 

learning 


Problem 

solving 


Th« p,nSr"* »> 
»**•» Soi »hlch I**- 
U-»rr_l>t or'j 


S-r~£s-Rl Establishment of labeling re- 

sponses to stimuli varying 
physicaUy within limits of 
primary stimulus generali- 
zation. Previous “response 
learning* assumed (as in- 
dicated by brackets). 


b 

S-r—N-^s—^jconcepl 

S-f—vss-^L — — — U 



Establishment of mediating 
response to stimuli which 
differ from each other 
physicaUy (“classifying*). 

Establishment of a process 
which functions like a rule 
“If A, then B,* where A and 
B are concepts. 



EstabUshment of a process 
which “combines* two or 
more previously learned 
rules in a “higher-order 
rule.* 

»*« 1« learned, and not the teaming 
,v ,a 11 be noted that bexlnnln* wilts cOO- 

Ct ’ 3 ” 1 portlM « <* Inferred chain, am ahown 
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may occur, for example, in the varieties of conditioning discussed by Grant 
and Kimble (Ch 1 ) are validly represented The mam purpose is to present 
the idea that the more complex forms of learning depend upon processes 
which have been previously acquired m the simpler forms, m a lerarc 1 
cal fashion The suggestion is, therefore, as one proceeds to o serve more 
and more complex forms of learning, he is led to searc or van 
which are farther and farther removed from the stimu us si ua 1 , 
which tend increasingly to exist as previously acquire capa 1 i 
S This reflects again our previous argument that pro em so vi g 
ter of transfer of traimng! and also that some of >ts most important t" dc 
pendent variables are to be found in the capabilities o . . 

Let us look a little more closely at some of the complex ^ 
ing shown in the table Concept learning is presen e c j ass 

which a number of physically different stimuli are pu vanety 

by the S Usually, it is assumed that he has can bl 

of verbal labels for the stimulus objects which are p ^ v J r j, a j , e . 

called “round,” “square,” "tall,” ' short . any of olher |, EC n 

sponses can be made to them, each of which 1,22 2 ]s 0 j, senc d when 
acquired as a “verbal association ” Concept ac physical objecls as 

the 5 becomes capable of respondmg to these A to®*. physic ^ mi 

if he were placmg them m one or more cI “ ses ’ eots ’ as well as the 
large ” The conditions of establishment of su ’ discussed by 

properties ascribed to them by various investigators, 

Kendler in Chapter 5 . identified which appears 

As the table shows, a form of learning simpler than some of 

to be more complex than concept learning, a C3 Ued “principle 

the problem solving we have talked abou wl thm the scope of this 

learning,” or “rule learning” Presumably, i j y studied in a form 

paper Yet it does not appear to have been gh * ^ Hovland, and 
which fits the paradigm shown [Th® s u ^ . considered a somewhat 
Jenkins (1961) presented a task which m y ^ {rom |hc following 
curtailed representation of a pnnciple, as ' |nc an experiment* 

discussion ] It would not be difficult, t o g , ^ the p r c-a\ ailabt i ) 

situation in which it could be investigate c UP nosc the individual 
of concepts would be assumed or measur i ^ .• S q Ua rc,” and ano <■ 
learned to classify an array of stimuli as „ ^ a( would be 
array as “the odd one” or “not the odd one ' w ihc U5C 0 f the 
gated in this situation are the condi 10 „ Thc stimulus sttu ® ‘ Je 

principle “When round, choose the ays of stimuli (m JU ‘ y 

might consist of presentations of the ' U5 j. J Undoubted!) , one 
vanety of physical dimensions) simu tna ls, and observe t 
simply present such a situation m repe 
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made or the number of trials required to attain the rule But this is not the 
only kind of learning situation one thinks of, particularly if the question 
‘ how could such a principle be most rapidly achieved ’ is of interest The 
idea of manipulating instructions to establish “sets,” to channel thinking, 
and to bring about recall of the previously acquired relevant concepts, is 
one which might be prominently exploited experimentally In a sense, then, 
principle learning appears to be a simple form of what has been called 
problem solving 

The more complex form is exhibited in the last line of the table 
This begins with the assumption (or the establishment) of pre available 
rules It ends with the demonstration that the individual has acquired a 
new higher-order rule,” the capability of solving a new kind of problem 
Let us consider an example which is as simple as possible A beginning 
student of algebra is set the problem “Multiply X 2 and X 3 ,” which he 
has not seen before at all First of all, it is clear that he must previously 
a\e acquired certain concepts, namely, the concepts of variable and ex- 
ponent (in the sense that he must be able to recognize these stimulus ob- 
jects as “vanables with exponents”) Second, he must previously have 
acquired some rules One is a rule for multiplication, approximately stated 
as * multiplying a number by n means adding the number n times” An- 
o cr is a rule for exponents, roughly, “an exponent r means multiplying 
die number by itself r tunes” Can the student solve this problem? Per- 
haps he will need to be reminded that he knows these subordinate rules 
ernaps he will need some gut dance or “direction” for his thinking What- 
ever may be required to achieve it, what is wanted in solution is the dis- 
nCW f nd m ° re mclus,ve rule to the effect “Multiplying ldenti- 
thc nnmhc” 'r'! cx P° ncnts ,s done b >’ multiplying the variable by itself 
attam™m. r ‘™ es t re P resent ' d ty 'he sum or the two exponents ” The 
tedtl 1 " * h ' ShCr -° rdEr ru!e can ' u " dcr proper circumstances, be 
all other taslJt^r anSttar as well as by correct answers to any and 
Thus it anno n ,? in ® !° lbc c * a5s multiplying vanables with exponents ” 
hie this as well 1 ? 31 1 C ltuestl £ at, on of problem solution in a situation 
of rules' and con* ln ( Iaan ) morc complex ones (involving greater numbers 
»h,™h he Ind ^ b= rcd “ Kd a " exper, mental situanon tn 

mh cc, caZ,r‘ T Vamb ' CS fa " ,n, ° ■ hc broad categories of 
Th = ca P aW "' aa that the S begins with 
turn hate been bLed^'ran ” P'f'' OUS,J ,dcn tificd concepts, which in 
also on previoush tennw P rc ' ,ous ty csta blished labeling, and ultimately 
rebtn ely ru°e “file, , ons If one des.red to study the 

been by measur,n"1h^ E °l pr ° b,Cm so, ™S- hc presumably 

the variables contained ,n.n“™ct^' ^ prOCCcd b) mam P ulal,n S 
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Methodological Implications 

It is possible that the implications of this discussion for methodology 
are already clear But I shall try to summarize them here 

From the standpoint of the analysis of problem solving just previous y 
presented, most studies of problem solving have a mixed appearance o 
of them try to relate problem solution directly to variables m t e s 111111 
situation Others, a little more sophisticated perhaps, attempt 0 s J 
the effects of concept mediation The point of view propose ere i 
such studies can only yield ambiguous results, because t ey a 
to bring the most important independent variables un er c 
variables are the individual capabilities of the S, conceive ^ nc j et>cn <j. 
acquired “rules,” whose availability may readily be meas d 

en?, y of problem so.ut.on ..self Such vanab.es , maylm be — J 
constituting the largest sources of the variance oft Paradise, 

ual differences existing before the experiment lc i under control, 
1961) Until these sources of behavioral change S , 0 be a difficult 

or varied systematically, differences among is wi ^ causcs 0 f 

and perplexing problem for the experimenter in ere 
problem solving experimenter needs 

To study the phenomenon of problem sc ’ ™g, ^ mMJUrcin ent 

first to define a class of criterion tasks to o . m their solution, 

Such tasks should require the use of a common p ^ some 5U bordmatc 
preferably a principle which can be clearly re a ndcnt ly measured 
principles, achievement of which can likewise e jn{ercS ( C d m this ter- 
Having done this, the experimenter may deci e a casc> he undcr- 

nnnal stage of the process of problem solution ^ m f act available 
takes first to ensure that the subordinate p P JQ des ,g n an expen 
to the mdividual Ss he is studying Then c i “instructions” on the 

ment testing the effects of one or more aspec ted> t he most obvious 

attainment of problem solution As previous y ®J U0|| 0 f stimulus objects 
variables here are those pertaining to (1) 1 ^ subordinate pnnciples, 
and of terminal performance, (2) recalla n y ^ >%cl i defined 'ana- 
and (3) guidance of thinking These are per P ' An d there may ' cr > 

bles as one would hope they will eventually becom 

well be others , ^ fnlloucd The experimenter 

This is not the only route which can t he availability o 

may decide that he is interested, not s,m P ^ ma dc by concepts, ' T 
affects problem solving, but in the contn Accor dmn to the 
associates, or even fundamental respo ^ experiments "hi ^ 

presented, such interests should logically - _ ^ilc perhaps a h 
a kind of “progressive transfer of training 
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clean-cut, this seems to be a perfectly feasible kind of experiment. One 
would first independently measure, say, the establishment of concepts, then 
proceed to the establishment of rules, and finally to the achievement of a 
higher-level rule in problem solving. Each successive measure would be 
conceived as indicating transfer from the subordinate capabilities achieved 
in the previous learning stage. 

The conclusion to which we are led is that problem solving has a very 
definite relationship to other forms of learning. If problem solving is to 
occur, it must have been preceded by a variety of simpler forms of learn- 
ing that are more directly “tied” to the stimulus situation and its variables. 
If one has the aim of studying the phenomenon of problem solving, it is 
desirable, even necessary, to demonstrate that the capabilities established by 
these other learning situations are pre-available. Once this has been done, 
it may be expected that the factors which affect the attainment of problem 
so ution will be found in that part of the experimental situation usually 
called ‘instructions.” 
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Learning and Problem Soloing. 

COMMENTS ON PROFESSOR GAGNE’S PAPER 1 

TRACY S KENDLER 

Barnard College 


Professor Gagne has had a difficult assignment with which he has done so 
well that 1 cannot agree to differ So I will limit my discussion to a few 
remarks intended to help clarify some of the issues that must be faced in 
this research area 

Science consists of continuous explorations of new and hitherto mys- 
terious phenomena in order to render then familiar and understandable 
One of the devices in common use is to relate the unexplained events to 
some process which is better understood Although, in our more optimistic 
moments, it may seem that some progress is evident, we are nevertheless 
likely to agree that problem solving is still, largely, an engrossing mjstery 
Perhaps we can also agree that, although we are far from finished with the 
task of making learning understandable, we have certainly made it familiar 
As a consequence there are quite a few psychologists who, like Gagne, have 
bravelj taken up the tools, the language, and the theories of the relatively 
familiar field of learning research to apply to the relatively unfamiliar field 
of problem solving research 

Thf Relation of Learning and Problem Solving 

?J ate lc:lrnra 8 and problem solving may seem such an 
luslificalfon f * ' lhmE i t0 d °’ thal “ bears llUlc Emission The ultimate 
whether T/ "T '" S Problem solving with learning depends upon 
b=S "ndcrZd" A ' h “™"S ■> produces wtl, male ether process 

issue about svh t, A " d *1*’ course > 15 an empirical issue But it is an 
sol, me bchav.nr h " C m concerned with understanding problem 

ExpimitK or m 7** “ ° ld " “ ^ ° Ur 

lions It is betSr i„ P i i ° ,m P ,lclt y* w c make some important assump* 

.bcmhurLtaundam^tir^ lha ” “ 

Science loundanon ° f * hl * d, ' CUM,on W3< facilitated by a grant from the National 
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It seems to me, and, I believe, to Gagne, that if the relationship between 
learning and problem solving is to bear fruit, at this stage o rcsearc i 
is because the former is a field in which there is available some now c 
of process, some theory and some methodology which is via c an up 
which the latter can draw Such a position invokes two assump ion 
fundamental assumption is that we do have some scienti c ore ^ac 
from some or all of the varieties of S — R lea ning researc ^ . ot u cr 

its broadest sense) Since this issue has been so a y ea . The 
participants in this symposium, it needs no further comm ^ researc h , s 
other assumption ,sYa« the knowledge 
relevant to problem solving It is this assumption 

31 For tiie sake of perspective, let us recognize at 

many ways in which learning may be relate to P and Thorn dikc 

extreme there is the effort begun by Watson 1 . Do n a rd (1941), 

(1922), implemented by Hull ( 1930 ) and i and Bov , rra: an d 

ard pYpmnlifipd in rnntemDorarv form by U rnmnlcX 



form of S— R learning To the extent that axmnc v 
to this problem, he is also a member of thts camp vanablc „ end the 
In this kind of analysis it is assumed t a j^mdi of behavior, 

same laws relating those variables, are opera 1 S ac _ uirC d associations 
but in the ‘higher mental processes P rc ^'° , hcr an d with the present 
which enter into sequential relations wit ea £h there , s n o ncccs- 

sttmulus situation, must be taken into ac^u - p ro blcm solving 

sary opposition to the possibility that fu un ^ or new relationships 
behavior will require the discovery of new Thc emp hisis is 

between old variables, there is no searc 0 bcen uncovered m Simpl- 
on the extension of that which has a rca havl0r 
learning situations to more complex or ccs taltists to the c 

A, the other extreme . .he post., on, *^ n ^ on f c „ on the. bears h 
that S— R learning is a curious ,aborat ° { |L This position is *»'• > 
relationship to the process of P robl ™. b > productive Thinking . b ^ 

delineated by Wertheimer (1945) m hi The one with '' . 

he distinguishes between two types o P $truC tural insight s 
is primarily concerned ‘ focuses on 0 f the word ’ (p ^ 

mastery, and meaningful learning m t e ^ describes (p - 
The other process is associationistic " 

way the result the ** a *j 

The extremes at the other end are j^V^mereh b) a -J 

brought about by sheer chance is reliance on H«nd 
trials, bv sheer external recall s cc 
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dnll or by prompting There are many situations the nature of which funda 
mentally allots of nothing but blind proceeding and blind finding as, for 
instance in widely used experiments with mazes discrimination tasks, and 
problem boxes Here all the factors that might furnish some clue to reason 
ably directed behavior are carefully excluded by the experimenter Under 
these conditions no genius however great, could at first do anything but 
engage in blind trials success could occur only by chance and then be re 
peated unless meanwhile the arbitrary set is changed arbitrarily by the 
experimenter 


Note the gallantry that prompted the omission of the obvious adjective for 
this kind of experimenter Wertheimer added spice to the schism by point- 
ing out that, * The difference between the extreme ” of these two ap- 
proaches concern not merely intellectual procedures, they involve 
deep differences in human attitude” (1945, p 201) 

Oddly enough this humanistic position is exemplified in its contemporary 
orm y theorists who draw upon the program of the electronic computer 
as a source of inspiration Miller, Galanter, and Pribram (1960), for ex 
ample have written that they prefer “alternatives to nickel m the-slot, 
m^l rCS rr P ° n ? COnce P Uons of ma »” (p 2) Newell and Simon (1961), 
termfivl' «° T melhotlolo £y a * the long awaited, if not overdue, a!- 
Croach f''S h 7 PlaWly C ° ns,dcr ,hc sadI >' ,,D ’" cd “m=thod-oncnted ' 
S F™, this pom, of view, learning, at least of 

derstandino Jr n! h3S '"f t0 do ' Vllh P r °blem solving Consequently, on 
odolon id in C ° m P e * process requires a different language, meth- 
fte ea®,’ 'T ‘ h ° Se " h,ch ar05c ,rom ^"iing r«e£ch Like 
nph!S D °e < ! ^ ,n ey u' mphaS ' 2e ,hE « opposed to the pe- 

Hic.r mcdiod „ frankly mtros^omi '° *' h ' S ' 0r,Ca ' 

thcoizinE 8 andei n i.r pred ‘ s P osltl °" secms 'o be toward the S— R kind of 
between the two^esi 1 ^ 0 ^ 7’ nevedlelcss . his approach falls somewhere 
probfe. F ° r ^ offers the proposition diet 

havior as a tuna, on of csrcien'c” l P=m,ament change in be- 

pursues this Ime of ihnnobTi, Cf * ,tse f ’ a fonn °f learning But as he 
for learning expcnraen^such^.b ^ 15 ° Ut that 1112 usual behavior measures 

™st part, mapCopnl f nr n ? nUmbcr of ,rials or *>r 1112 

place historically given to Cm solvin S He mentions the important 

of an all-or none nature and ^ u* S0 ^ UUon °f a problem which is usually 
bon of the sumulus situabon * Smg,e P rKcnU ' 

>f the two phenomena are d-fin t ay ’ he scems to be saying that, 

used to measure them therf ' m terms °f the operations ordinarily 

,C TT^ n b) slrcs! * m g the s,m,bm!°s be sa,ncd by rre0 S n “”S ** d,f - 
Such behavioral diffcrentiai.on 

on docs not mean that there need be an 
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abrupt schism between the methodology of learning and of problem solv- 
ing Our work on reversal shift (eg, H H Kendler & T S kendler, 
1962) and inferential behavior in children (eg, T S Kendler L H H 
Kendler, 1962), if it qualifies as problem solvmg research, exemplifies the 
possibilities of methodological continuity, since the procedures are exten 
sions of discrimination and instrumental learning techniques °" c ^ r * 
this work also exemplifies Gagne’s differentiation between behavior that 
meets the criterion for a higher level process like concept ormation eg, 
reversal shifts) or problem solution (e g , direct inferential so ut, ° ns ' . 
behavior in the same test situation that better meets the criterion or 
S — R learning (eg, nonreversal shifts and nonmferent.al solutions, re- 
spectively ) However, as Gagne points out, for most pro e ^ 
research, the modifications of methodology are nr uch g re ^ 1 J 
consequences is that such investigations have to ea wi becn> 

instructions and mdividual differences which can e, or a 1S t j, at 

ignored or minimized in learning research The mam pom , ' tbc 

while Gagne starts out to seek for similarities, he win ^ P Unlike 

differences between learning and problem solving and 

the Gestaltist, he takes his point of departure verbal introspection 

nowhere does he attempt to limit this methodo o c y of thc m dc- 

Gagne goes on to other significant fP 3 ^' but \ hc stimulus and 
pendent and dependent variables uses s R | im n 0 rtant ways Tlic 

the response m problem solving are to be mo i spcC ification in con- 

stimulus becomes an “indefinite identity, capa U ] US characteristics 

ceptual categories, rather than in terms of P h ^ ic ont0 i 0 «ical discussions 
This statement contains the seed for many o © ° arc n ot actually 
about whether all definitions, including °P cra ‘ es specified b) the 
specified in conceptual categories, albeit in G CSt altists that the sig 
experimenter But Gagne seems to agree wi bc baset i 0 n the per 

nificant stimulus in the problem solving situa i cf 

ceptual response made by the S, not by thc expe response is not the 

In a similar vein, he emphasizes that t e s '£ , . t r2 ther some implicit 
observable ‘ button pushing” or “door-openin 0 ^ and on engender 
response which may be generated by a c ass haslZ es the centra (or, 

a vanety of overt behaviors In other words 1 1 , (or observable) 

at least, covert) process at the expense o 

response r * i ca \ C s ample opportum , 

As to the historical ahistoncal issue, •‘patterning ’ ot the s,t “ 3 ' 
for the action of ahistoncal variables, Iikct P thf contnbu 

as a function of instructions But he ' «*» «*£* solver wh.ch 
made by the reinforcement history of _» ar J\\hen he discusses 
into his analysis in several ways It nppe 
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of instructions in producing the recall of subordinate capabilities which arc 
a composite of aptitude and training It appears when he discusses the 
thorny problem of individual differences It appears in its most systematic 
form, however, in the theory he offers about the ordering of human 
learning (p 312, Table 1) This is, basically, a construction that has the 
conditioned response at its foundation and problem solution at its pinnacle 
For several levels the conditioned response is not only the foundation, it 
also serves as the unit of construction, the building block, as it were Up 
through concept learning increasingly complex behavior simply consists of 
more or different S — R units (expbcit and implicit) in various kinds of 
combination But as we approach the pinnacle, the unit of construction 
changes Herein lies the crux of the problem — are these latter stages simply 
still more complex combinations of S — R units or do new entities emerge 
here which require other kinds of analyses 7 


The Question of Emergent Properties 

If S-R is the basic unit it would seem rcasonab’e to pursue our under- 
standing of the complex process by reducing n to its essential and then 
stud) mg it in the simplest, most controlled way— by the study of the laws 
determining S-R association or, perhaps more pertinently, by studying 
how such S-R units interact in the simplest possible circumstances On the 
other hand if problem solution consists of something more or different 
than these elementary units, only a research strategy that deals with the 

complex process would be in order 

Actually such a question can be raised at any level above the founda- 
ion That is do new variables and new interrelationships emerge at each 
rrnm P .T ty i C ' C D ? nCW P ro P crt,cs a PP^r that cannot be predicted 
the firo , C Cm , CntS of wh,ch ,h <7 af c composed 7 Consider, for example, 
S-R , n 7 2 sn-gested by Gagne Here one can question whether all 

arcsomelmT ^ CtJUaIly rcac % 10 establish chains Perhaps there 
which form rh ° rcs P° nscs or P cr haps some degrees of response strengths 
th3n ° thcrS If *ou!d he die case, these 
cated Studs me ^ dlsctnerc d until response chaining was invest!- 

about whether the alrnehm™, , 1 C ', b ^ le3rniI, S Here one can inquire 

manner to ane “ ’ m ° veibal labels functions in an analogous 
^rt'es wh, ° r d °“ ,h ' ™P°n* hate social 

oth-r responses Anoihe ""f ,lrc dc ' c,0 P m cnt of longer chains than 

eoser. X "d^ ”ha„ ™ C h q “ CS "° n ,S '«»*' hnU bccomC 

concern leam”f ole r,'" At .he fourth lescl .ha. of 

seek laws that specify how parallel senes of 
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chains become organized into a concept Note that at the level of prmciple 
learning Gagne drops the S — R language It is not altoge er c ear " 
this is done for the sake of convenient presentation or ecause, r 
on, his theoretical constructs change status 

The questions raised about the emergent characteristics o ^ 

ultimately require empirical answers But meanwhi e os ® orocess 
ested in problem solving must choose a level at w ic o s J b 

It seems reasonable that the more one is committed to 
tween simple S — R learning and problem solving, an ^ con{ro i 

ested in copmg with the enormous C 0 “P'*” U ? J t0 the foundatton 
and mampulation in complex problem solution, interesting for- 

one ,s likely to start Gagne, although he presents such an mtemst.ng^^ 

mulation of this continuity and avers a C0 ™V hls dl ’ SCUSSIO n (and 
courageously chooses to emphasize the higne prop- 

research) £us ts, presuJbly, because he assumes that tom a ^PJ 

ernes which emerge at this level that reqm ? can should go 
would like to think that he also assumes tn (q proc j ucc data and 

on simultaneously at each of these levels, w o theoretical design 

subtheones that will provide the basis for 0 ® _ oa l may not be 

capable of incorporating all levels, Such an fruitful, but "ho can 

achievable and such a tolerant attitude may 
deny such a worthy aspiration 7 
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These insightful papers on the validity and internal structure of the trad.- 
tional categories of human learning processes represent the rst c °ncer e 
effort to examine these important systematic issues in the science of huroar 
learning It was not expected that the outcome would e a new, » 

neatly organized taxonomy of human learning processes an e > 
varieties Rather, the expectation was that these efforts vvou ' £ 

impetus to more widespread, systematic consideration o a 
lems by those engaged in experimentation and theory Wl U 

such beneficial consequences" of this symposium ««*»* they w,, 
surely be traceable to the ideas presented in the pre g > m „ cncra | 

Nevertheless, there may be some value in * n a “ e ™ P m ^ , carning processes 
terms the role and character of a taxonomy o . ( sccms t o 

and to assess the progress m thinking about the problem that seems 

have been made in this symposium 

Why the Taxonomy of Human Learning’ 

AH ureas of psychological science ha« “Jaxononuc ^ , he 

respect to the phenomena investigated, bu ra0tlv3 tion, perception, 

operation of some function— such as le »• of (ht organism in 
performance— have no guidance from! resource the 

the generation of a “natural schema ThcJ , , s betveen apparent!) 
ingenuity of the scientist ,n discovering comma, .jcnt.ca! r hc- 
different phenomena and differences be ' processes which arc our 
nomena In view of the fact that the ea g interact with the 

principal concern are influenced by an ” a nd our categories 

motivational, perceptual, and performance; p ca ( C( , 0 riz3tion5 of these 
of learning should therefore interact vrtth the ^ “''6°^, allOTr , to 
other functions— it must be self-evident J di > ^ „f the prob «" 

improve the taxonomy of learning process 
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of behavior science and one unlikely to be handled adequately without 
parallel efforts by psychologists concerned principally with the other func- 
tional variables 


In view of the already limited taxonomic objective, the reason for fur- 
ther restricting our concern to human learning requires some discussion 
In particular, one might ask why there is the distinction between the 
taxonomic problem in all organismic learning and in human learning 
Aside from the argument that the problem needed to be brought into focus 
on a manageable segment of the whole problem, there are more substan- 
tive reasons for emphasizing human learning The first is that human 
learning encompasses the varieties of processes observable in animal 
learning, but goes beyond them, perhaps largely because of the capacities 
for verbal modes of symbolic, mediating’ behavior in human beings 
Tins reason was validated by the discussions of the categories of human 
learning, in that in every category it was necessary to emphasize “mediat- 
mg processes and conceptual controls of the learning process These are 
interpreted, or interpretable, as verbal mediators and controls At the 


same lime, it should be noted that our emphasis on human learning did 
not discourage Professors Grant and Kimble from broadening the taxo- 
nomic problem to include animal learning where the latter was most 
rc evant to the discussion, l e , in the case of classical, operant, and in- 
strumental conditioning 

Another reason for emphasis on human learning deserves mention, 
espccia y since the forces of current history in scientific psychology some- 
CS , ai *° c cxpl'citly recognized either because they are unknown or 
J* Cn or _8 rantc d Within the past ten years there has been a marked 
with ihl*^ °, rcscarc ^ and theory about human learning, as contrasted 
of ihc lQin phaS1S . ° n f nimal Iearmn S’ especially in the rat, in the decade 
UoubtcilK rn Caf / The reasons for this resurgence are un- 

doctoral ^thre^ C \ an ? mamfold ’ and ma y well be a suitable topic for a 
Z but ,»o S f m , C l 0Ty 0f i’ s > ch ° l °sy ■" fix’ twenty-first cen- 
and’carlv 1950 ! ?£ “ ! h ' S trcnd 5ecra 9 u,te clcar Doting the late 1940’s 
rcconmzed the n | C ( n1l ' ltar >’. other governmental, and industrial agencies 
capabilities in I ° r fun damenta! knowledge about human performance 
abom n o and a P^"' 1 for fundamental knowledge 
=s 0I T '’rr- [ ° r tra,m "S to meet performance re- 

were as saned as“hosc° 0 f™mT ‘l ’ hKe P s > ch ° lo S lcal a E enc,c! 
signals as , n s, m t““ °f simple disenminative reaction to occasional 

acknowledge acquisition “to'lh ' h '°H h ' an ° U! f0m,S °' staI1 learnm ® 
diagnosis in compile electronic compmem ® mV0 '' ed m ™’ ,unc,lon 
esc needs for a technology ol human teaming not only stimulated 
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fundamental research on human learning and performance, the effects of 
which continue to be in an accelerative phase, but also highlighted the 
issues surrounding the taxonomy of learning processes (e g , Cottcrman, 
1959) When one is confronted with a decision to use massed or distrib 
uted practice, to insist on information feedback or not to insist on it, to 
arrange training so as to maximize or minimize requirements for con 
tiguous stimulus differentiation, etc , and discovers that the gui ancc re 
ceived from experimental research and theory is different for rote earn 
ing, for skill learning, and for problem solving, taxonomic issues cco 
critical and taxonomic ambiguities become frustrating, to say c 
The linkage of the problems of human learning an e P^° . 

human performance m this resurgence of the psyc o ogy 0 
havior is of considerable moment for the taxonomic pro e a 

properly speculate that the taxonomy of Uclc^on « that 

taxonomy of human learning processes, and vie wessment 

,t is unlikely that one can make an appropna.e prethchot , or, assess nen_ 

of human performance in any task situation ™ w , thout considering 
torical antecedents of that performance capab y, » performance 

the characteristics of the learning processes t a P r b £ cn brought 

capability Th.s is true even though the 

to asymptote (if there is such) on the practice i va j 1(llt y ma y be 

permit the elaboration of this point, ^differences between “asymp* 
obtained from consideration of the possibl , qu ,ch reaction to 

totic” human performance in a task that re ff uir ® inV oi vcs a strong popu- 
a stimulus where the S-R relationship is one j c reaction time to 

Iation stereotype (initial S-R compatibi ity) an obcs t hc reverse of 

a stimulus where the S-R relationship ’ s ° ne tlbl ] (t i) Even though 
a strong population stereotype (initial S- . ()C performance levels, 

both habits have been brought to identica a > prcc j, c tcd that the two 
according to some measure, it may be con ' in> 0 lvm<* strengthening 
learning histones involved in these a i on ship and the other in* 
and shaping of an existing dominant non donunant response as a 

volving the establishment of an origi y J orman cc measures T 
dominant response — will be revealed in 50 j str css, or the retention 
example, performance measures under sit t reflcc , lhc ^ differrn 
of the habit over long intervals of no p rf rfflanCC capability is * 
learning histones If the process route to a pen ^ ^ or many 
m such capabilities even though some me cc theory ", 

tions fail to reveal them, then 

adequate, reference able taxonomy o t3XO nomy of huma F* . ^ 

of human learning theory for an adeq ^ a j s0 readily unders 
ance, and of human performance measn 
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jn view of the fact that all measures of human learning are measures of 
performance change as a function of experience or practice 
These, then, were some of the principal reasons for restricting our at- 
tention to the “narrower” taxonomic problems of human learning rather 
than the broader problems of learning in general or behavior m general 
Of course, the reader will also have observed that our concern is even 
narrower than these considerations forced it to be We have restricted our 
attention to the categones of human learning that have been brought under 
controlled laboratory observation, and we have not even attempted to con- 
sider all of these Perceptual learning, discrimination learning, and perhaps 
some forms of attitudmal and emotional learning have not been given 
explicit consideration as categones 


Development of a Taxonomy 

The natural history of taxonomies within a science, and within the 
science of human learning in particular, deserves some discussion as back- 
ground for later comments 

- T^ e nol,ng of the slm| !anties and differences of things and events is the 
thr tn^t! n °r' Zlng ' cnow,ed g e about nature These observations are 
then the basis for classifications of things and events and the formulation 

« the roal if 1 0n CICluSron Th,s 15 cs5e " ,lal t0 ' b = generality that 
'if* 1 ? f «> efficient communication among seen 

hat 1 “5 Ltit“ "f" that most ° f ,he Agones of human learning 
smee the b 1 f ^ Ute ° f ,h ' s ^ve been with US 

is the only truly recent newernuer)' 3 ' PS>Ch ° , ° Sy <>° bablbt >” 
int^r'fr.'T"* 5 * re based on a learning processes 

lean heavily on wha^mav 21 the descn P t,ve leve! and ^ey 

entena, and y so mav be called then ed 0pcrat,onal or qua* ‘-operational 
omy Once formed lasses of a primitive operational taxon- 

vancty of changes as the pnm,t J vc °F ralI °nal categones undergo a 
phenomena progresses In swT'ff 0na,>S ' s and understanding of the 
opment of a science ’ 3 taxonom y reflects the stages of dcvcl- 

insentiofot lab^raton ' f HcT following the 
first few of th-se priSiti\ c P roce ^ urcs for the investigation of the 
of a need to limn the tenoral ^° r,CS human learning was recognition 

- even ,o a suWa"s 0 f"a eaS™" findln E" “ a X> 0 . 

a wider generalization Thu 0,1 dlcre was evidence to support 

H was onlv 30 )C ars a to that r eIo ^ e "J d,d n ° l C ° mc cas,1 > or q mckl > 

) ^ ago that Carr (1933) felt compelled to cauUon in- 
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vestigators about the pitfalls in the “quest for constants He not only 
warned against generalization of findings across categories, but also 
within categories, and even within specific experimental procedures w en 
some critical aspect of the procedure was permitted to vary He was say 
ing, of course, that the phenomena or relationships between variables that 
are observed in some experimental context, as defined by t e tas , pro- 
cedures, and measures, should not be assumed to be true or ot er as , 
procedures, or measures until shown to be so This ra ica emp 
pluralism gained many adherents, especially as a conseque 
importation of operationalism in the late 1930 s n my opinio , 
tion rs as valid today as it was m the 1930's, and f ogmt.on of the tru h 
of it is the first step m the development of a scent, fie taxonomy of human 

‘TS™,, of course, ,o,erate such a — ££ 

generality of an experimental phenomenon to ep ^ ]n(rwate . 

which the phenomenon is observed Levels E ^ I tcma „ c c m- 
gory and inter category, must be achieved between postu- 

pincal investigations which bridge boundaries a j cons tructs or 

lated categories or by theories which emp oy yp ^ and dlfferencc s 
intervening variables to reveal the presence observational level 

that are more fundamental than those obtained at , com - 

As we all know, neither of these avenues o b as been followed 

prehensive taxonomy of human learning P ,ntra-cateeory theories, 
very far Our theories are still for the mos P about rote leam- 

which is to say that they are theories abou c S ’ aboUt probability 

mg, about short-term memory, about c0 ” ce P . ^nd a s such, they 
learning, about skill learning, about pro e expC nmental operations 
are frequently very closely tied to a bnutc s wlt h conditioning, 

within the category This has certainly ee _ 0 f tbc others as wc 

probability learning and rote learning, an pc ^ of p 3ra llc! sjstcm 

The failure of psychologists to follow tht : 0* £ ncs IS understand- 

atic empirical investigations within an uould he required for su 

able, in view of the magnitude of elT ° rt y find greater regards i 
a venture and the hope that such effort would fin ^ S ^ cm p,,wl 
guided by well-formed theory There ’ an j acr oss the pnrm 
evidences of generality of phenomena t0 summarixation • 

categories of human learning, but it » ^ present on 

however, not surprising that the p a 1 P lhc mapping of t e 
avoided the systematic empirical appro . 

^elatedness of the categories of human b 3$ 'provided the 

Even though neither of these approaches h«P^ ^ h3V c ^ 
revision of the whole taxonomy of u 
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many limited revisions of the primitive categories First among the ways 
in which these primitive categories have been changed is through the re- 
finement of their defining operations, and second — and usually going along 
hand and hand with the first — is through the identification and differen- 
tiation of subclasses of the category Major primitive categories have been 
absorbed into others or major categories have been split into two An 
excellent example of the consolidation of categories is currently m progress 
with the encompassing of the category of ‘memory span” (“immediate 
memory, or “short term memory ) under the category of rote learning, 
in view of the commonality of the operation of direct presentation — rather 
than discovery — of the to be learned responses Again, “insight learning,” 
as a category, now seems to be properly encompassed by the category of 
problem solving” On the other hand, the fission of categories is well 
represented by the now traditional separation of classical and instrumental 
con itioning to which Professors Grant and Kimble have added some im 
portant new thoughts in this volume 

complex and radical revision of the primitive categories is sug- 
? ^ rofcssor Fltts ' m the case Of skill learning In his view, the 

simiHrn,!? r0 , CeS .l CS UsualIy subsumed under the category show such strong 
S ,° P rocesscs of language learning and utilization, concept 
sIilNe!,™ and P roblcm solv '"g that he questions whether 

iclonment 111 / f °, ^ retalned as a major primitive category This de- 
occur in the n!° St r that 3 ma)0r revisl011 of the primitive categories may 
the similarities ar u,ure—a revision based on a deeper understanding of 
and Zri v “h Pr ° CCSSCS mvolved m «“=» varies kinds of learning 
taxonomy 0 based^ 6 8 ' ea ‘ Cr a " d Pre d ‘C‘.vc power of the revised 

uons ThK^ of c" Pr ° Ce f $ rathcr ,han on P™ mve °perahon d' 51 '""- 
.hcory p'” S ; t l C Zl e ',' V , hat 15 h °P ed for - a ” d “Feed, as our data and 
taxonomv from ohs 1,1 r ° m a phenotypical taxonomy to a genotypical 
C ° nS,rUC,s ’ from a varies of special theories 
In addmon fh ™ 0pCrat,ons 'o a general theory 
equally important taxonom' 5 '°h S m ,he major ca,c 8 0nes ‘here have been 
have been invented or , 1 ,^' C an f CS WItbln categories New subcategories 
Unctions between old subeT^^ ^ tFe °P eratIona l and process dis- 
ihc incrcasineTtitens^tv 1 !,! 03 ^ 6011 ! 5 haVe been rcfincd Perhaps reflecting 
conditioning instrumental cond*^ Cff ° rt Wlth the techniques of classical 
major refinements and extens lDrlm S- and rote learning, there have been 

‘cw jears Thu"!Vr 0 faso g lh ' CC “4°"“ ■" ‘he past 

cal conditioning and cieht subcn' !CUSSeS f °“ r !ubca ' c S°ries of “classi- 
where Ihlgard and Marqu,/ ( i ° f , “ s *f umental conditioning 
H WJ40) had one and four subcatcgones, rc- 
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spectively In the case of subcategories of rote verbal learning, five arc 
identified and differentiated by Professor Underwood, and Professor Post- 
man discusses at least four subcategories of shortterm memor) tasks 
(memory span, running memory span, continuous paire associate mem 
ory, and memory for single items) that may be consi ere as e e © 
to the rote learning category In much the same way, P ro “ l *A £* 
concept learning, skill learning, and problem solving a\c a 
categories increased and the distinctions between t em re t y 

forced to the conclusion that much research effort, analyti ist f nctl0 £ 

and theoretical sophistication have been devoted to ma g 
where none existed before or to adding varieties that were not known, 
least in the laboratory, 10 or 20 years ago ^ a pr0grcs si\c 

It is clear that psychologists must expect, ® ° av f rom a 

movement of the taxonomy of human ' ca ™" e . P bKe m wh , c h inferred 
strictly operational base and toward a theor thcrefore , nhclher the 
processes become the categories One may . . ntn j by the 

operational taxonomy will be supplanted y K j, bc that of 

theory-based taxonomy It seems to me ^ P ^ both lhc op cra- 
supplementation, rather than substitution lhE | earnmg lash or 

tional taxonomy based on ostensive charac ^ ^ ha\c a taxonomy 
characteristics of stimuli and responses, aa , t j, cir compounding 

based on the characteristics of inferred P r0 ^ e j n t {, c f irs t place, the 

There are several reasons why this s ou W ,H the opera- 

descriptive anchor for the inferred process ca ji theor) will be 

tional taxonomy of learning tasks and muc n0US forms of learning 

the mapping of the genotypic relations o ^ task charactcris- 

that are operationally differentiated on mY mUi t continue to sene 

tics In the second place, the operational tax ^ J human , carnin g It will 
as an analytic, descriptive tool of the tec n c outside the la ^ 

continue to be the basis on which varieties of Icam ^ ^ ^ hc 
tory are reduced to categories or subca it g ^ or theoretical undcr- 
dctermmation of the applicability o c p ^ conditions o c 
standing to the prediction of phenomena or 
mg in the case in question 
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subdomains within which our empirical findings are generalized with great 
caution, but still serving to denote the categories of learning tasks engaged 
in by human organisms 

In summary, the argument is that we necessarily started our science 
of human learning with a primitive taxonomy of learning tasks, that these 
have been subjected to combination and fission, and that subcategories 
have been refined and new subcategories added as a consequence of 
analytic research and theory Theory may eventually lead to a com- 
pletely different set of categories based on process or construct distinctions, 
but a sophisticated operational task taxonomy will continue to be neces 
sary for the analytic, empirical actnities of our science 


The Validity of the Traditional Categories of Learning 

The basic purpose of this series of papers was to examine the tradi- 
tional categories of human learning from the vantage point of expertness 
in each category As repeatedly emphasized, this involved both the iden- 
tification of similarities and differences between categories— with stress on 
“ I'™ 01 lhe traditional implication of category differences— 
and the identification of similarities and differences within a category— 
him 5'?“' " ew of lhe tra dil.cmal implication of category 
manv^ii" ^ i C aVe ^ ound man y similarities between categories and 
Tthe sZfii V fundaraeMa! functions, within categories What 
frm r C t 0f ? 1S t0r the ,ax ° nora y ° [ h ™ a " learning processes’ 
cones 0 ? ^™ ' ,' ' StalemC "‘ w,th res P rct *= traditional ca.e- 

ine skill Icarmno carnm S conditioning, rote learning, probability leam- 
a verbal contrlvf' r " , " S ’ pi0b,em s °l™g-™y appear to be 

mem of a " nee „n° ^ , a straw at this stage the develop- 
tigator and theorist in T"" 8 !* ° nC SCn!c 11 ls ^ sophisticated inves- 
oferhp of cl. 1 " „ hl,raa " e l m ' nS haS for m an, years stressed the 
of learning commonlv°inrl?H a H ^ nccessar y distinctions between forms 

reasons for believin/lhat ttefuTtLiYom d ^ Nevenhe,css ' ,hcre ore 
traditional categories of humm i cons, deration of the validity of the 
dead horse 8 TOn ,e,n, ' n g 15 "« the further beating of a 

books in psychology, Yluch arc"^ » l! T m that °“ r c,emcn, a r >' 

the science arc quite confute £ sumed to treat the fundamentals of 
tional categories of learning wu confus «ng with respect to these tradi 
■«cn classical Yd operant c^!u ™ 1 ' °’ ‘ hem maU tha *■<«»- be- 
learning slill learning and the d,sl,nctlon between rote 

n,n g and problem solving these categories are func- 
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tiomng chiefly as class names defined by pointing to some familiar labora- 
tory or real-life examples Even when the point is made that examples 
from different categories have similarities that might be the basis for inter- 
category similarities of processes or effects of major parameters as in 
the case of the involvement of discovery of the correct response in the 
problem box, temporally organized skills, and problem solving or the 
serial S-R character of rote serial learning and some skills there is no 
attempt to show that such is the case It may, of course, also be noted 
that our textbooks of learning per se struggle with this taxonomic pro on 
and have come up with no clear and comprehensive statement o c 
problem or of even a partial solution to it , 

It is suspected that this state of affairs in textbooks merely reflects .m 
indecision about taxonomic matters among students of S " f 

earlier, our investigators and theorists have learned we e 
operatiomsm and the advisability of framing theories o imi .. , cr v 
Investigators limit the generalization of their empirical fin mgs ' and 

narrow class represented by their specific experimental j* • d 
they are prodded m thrs direction by editors if *9 *»* 
theorists— as suggested by Estes (p " |egoiy or formulate a 

confines of a category, or even a variety within £ J learning, 
limited scope theory that is not tied to a . P art 'f“ a J s J t hK been a 
but is tied to a restricted range of variables l „ 0 f human 

paucity of systematic thinking and writing abou d ^ morc mean- 

learning and the possible basis on which this vane y cnomcnai or the 
ingfully and validly categorized in terms of proces 
effects of variables u about the traditional 

The most certain conclusion that one can rc ^ ^ m understand 
categories is that they are not the proper categon ^ denotative func- 
,n g human learning even though they may sene cate <. 0 r\ docs include 
bon The best that can be said for them is t a jmpor tant and is gnen 
a task aspect or behavior requirement w ,c ' sU bcatc£orics within it 
heavy weight or emphasis in at least some o rotc verbal learning 

Thus, classical conditioning and the various 0 . jj Ut including t ic 

(with the exception of “verbal discrimination ment 0 n the learner 

short-term memory methods) place no orm3 suppl) ^e nom1 ?? 

,0 ‘discover” the correct response, ins ’ ason ablc facsimile therco . 
stimulus and the to-be-learned response < or “ j relationship ahho-g 
and these are usually in the appropriate B . contrast, ope 

l he temporal arrangement is a critica P 3 j act 3 ll the rcn ^“ n f ' 
conditioning, instrumental conditioning. a j, sC0 \cr) ’ corT 

varieties of learning involve a process o 
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sponsc, i e , the individual must emit the response upon which reinforce- 
ment is contingent For simplicity, these two great classes of learning 
processes may be called simple associative and selective 
However, this distinction may be one of degree Kimble (p 41) 
argues cogently for the inclusion of classical conditioning m instrumental 
learning, and Jones (1962) has argued for the inclusion of instrumental 
learning m classical conditioning, at least in the later phases of it Simi- 
larly, Underwood (pp 57—73) has made a strong case for the pres- 
ence of stimulus selection, response learning, concept learning, 2 nd 
mediation in rote verbal learning and all of these reflect learner-generated 
selective learning processes over and above the simple associative learn- 
ing that is prescribed by the methodology Again, simple associaUve 
earning, such as memory (short- or long-term) for events (stimuli, re- 
sponses, reinforcement or “feedback”) surely is mvolved in important 
ways in probability learning, concept learning, the varieties of skill learn- 
ing, and problem solving 

tbe ca,e gorics of learning mvolve both simple 
* ve carnm g and selective learning does not mvolve a commitment 

merek ni ™r^r, SS t0 3 dual P rocess theory of all learning Instead, it 
have 3t ^ stafic in our ,n vestigaUon of learning " e 

At the samp- CC inic ^ uc £or ,s °lating these processes m the laboratory 
learmn z lZ ZV be reco § n)zed that the categories of selecuve 

be learned msnon ^ m , am ° unt and conditions of “discovery” of the to- 
4 discovery Z f 13 * w,thm each category the mvolvement of 
learner oil s , mn ]L ^ de P en dentl) manipulated The dependence of the 

(Cahill & Hovland S 50 196 n VC r nCm ° ry P roccsscs ma y also be manipulated 

following Underwoods ,ii’ P 308 ^ 11 3150 seems Ilkely that ' 

aspects of rote verbal t um,na t ,n g discussion of the selective learning 
ment of such unwanted 23 ™'"^’ ma ^ be P osslWe to reduce the mvolve- 
methods or materials In * 5 ^ 15 by £urtbe r refinement of the rote learning 
lions on simple associat S ^ U a PP cars that the refinement of observa- 
to the learning situation ZH, ea ™ In S ma y provide closer approximations 
learning, where ‘ discover*- f *° f lbe determi nation of the laws of such 
response is brought to near °* rcJcvant stunulus and appropriate 
cflccts of variation m the ^ lkewise » s >stemaUc invesUgation of the 
the one to be selcctuck rcin r m !i 3nd s t rcn Sth of responses other than 
motion about the discoverv ° rCC Wben 11 15 emitted may provide infor- 
mal makes them better descr.^i 0 ^ m each o£ the relevant categories 
usual category names m tcrn, s of such a process than by the 

Other important process ch-> 

a hmned correlation vuh the T Clarist,cs o£ human learning show only 
m itional categories Prominent among 
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these is the discrete S— R relationship in contrast to the simultaneous or 
successive temporal organization of responses The former is represented 
in some classically conditioned responses, and it is sometimes thought 
to be represented in paired associate verbal learning Again the pure case 
is probably not attainable, but it may be suggested that one reason for the 
failure of “transition” experiments to reveal a close parallelism o c 
phenomena of classical conditioning and paired associate learning ( n 
derwood, p 49) is that the latter characteristically involves the simul 
taneous establishment of a number of S-R relationships That is, P** 11 * 
associate learning has a ‘ list factor ’ in it that is not to be oun in c 
conditioning, and it is well known that this * list factor is impo 
list learning the interval between presentation of an - P ai 
testing of the association is filled with other lV1 7’ h causc 

portant (Peterson, Saltzman, Hillner, & Land, 196 ) per | P ' # , 

unlike the usual CR paradigm, it forces a high rate o , s> 

between presentation and test of a pair Simple c assic ass0 ci 3 tc 

therefore, not necessarily directly comparable '“ b o{ ^ assoc , a t,on 
learning on this dimension o£ simplicity comp y discrete 

matrix But net. her ts tt necessarily different from some form ^ 
S-R skill learnmg, as suggested by Grant (p 5 <> 253-261) in 

ticipatory instructed conditioning” and as implie y hr SI milantics 
his analysis of the discrete S-R skill Abo, the * ^ 

between paired associate verbal learning an cxam plc of sMl 

learning and performance normally consi ere in , 0 lvcmcnt of verbal 
learning perhaps again because of the ubiqm 
processes in all forms of adult human leamin c rc <;ponscs is n0{ 
Finally, the serial or temporal organic o , nin „ C vcn though it is 
defining property of a traditional category ° " 0 f s ^,n Earning and 

obviously a cntical dimension of certain su c » ^ a i s0 in man) vane 

may be represented in serial rote learning ^ a jj cascs «c arc son' 

ties of instrumental learning and problem so vi e ^ tCfT1 poral orcamM 
distance removed from an understanding o s problem 

tion of behavior, but it is clear that thc f n3,) d f pr0 ccss characteristics 

to similar conceptualizations of the pro 5 1 ” f „ on differences In 3 f *| 5 

of the behavior, regardless of traditiona . thc st ,mulus invol' 
stances there is agreement that the na u ^ processes nv ° ' 
serial acts is unclear and that the ^ CSC ”P ^ 3S mediating KipM* 
almost certainly require intervening vana of t f, c seq»* pc J"£ ^ 

"hich have a sUmulus function and/or con ^ernsta) < nm r * 

sponses by “second order ’ habits (concep 
270-276, Underwood, pp 60-62) jn tt fnch intensive *■ 

These are but several examples of t e 
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of the varieties of human learning have revealed more meaningful, and 
presumably more valid, process criteria for a taxonomy than those em- 
ployed in our primitive operational taxonomy One distinguishing charac- 
teristic of these more valid criteria is that they refer to the process char- 
acteristics of the learning, rather than to a mish mash of procedural and 
topographic (te, perceptual, motor, verbal, “central’) criteria This 


process taxonomy does not, of course, imply the independence of proc- 
esses and procedural or task characteristics, quite the contrary, it insists 
that there is variation in the involvement of a process as a function of the 
characteristics of the task, the nature of the stimuli and responses required, 
and the procedural controls of the learner’s behavior The processes must 
therefore be thought of as variables or “dimensions” (Melton, 1941) of 
human learning that may combine in different ways in different instances 
of learning Perhaps some of these processes that are important in the 
description and understanding of human learning may be absent from 
particular instances of learning but when present they are subject to 
variation in amount or weight 

One of the interesting suggestions derived from this direction of change 
in t le conceptual taxonomy of human learning is that there may be very 
much more commonality of processes across the traditional categories of 
man learning than those categories would suggest This is, of course, 
what general theorists have assumed, but they have been unable to incor- 
‘ hC ' r ,haor,es a sufficKnt variety of processes or phenomena to 
catepnries^Tt, eS n °c researcb on aiI llle primitive operationally-defined 
to the assum ,' S dC " C ' en ^ !?• ■" Iraceable m at least some instances 
be made free f ***, s ' m P ,er ’ forms of learning were free, or could 
learnint U S V°7 ^ P ' 0cesses ,hal “ m P''“« other forms of 

agreement amonp^ih 0 ^’ °* S ° me im P ortance to note the extraordinary 

cnt caTissues m ihe f P art,cl P an,s ’ a «■« symposium in identifying the 

CwVre ^,' nher analy5 ' S ° f * hE 'or which 

■ng A tatcnpecmcationT n ', W f “if lhere must be ’ ,n 3,1 ‘yP es of learn ‘ 

the S, ic, of transfer nf* \° and measuremcn t of the prior history of 
experiments specification of |cl w" S Prc,cs,m 8 Ihc CS in conditioning 
verbat learning, assessing cncoH S " )u , cnce and w ord sequence habits in 
studies of short term manors an/" 15 ' ecod , ln S responses to stimuli in 
measuring the strcncih or ^ d incidental learning identifying and 
learning T T ‘laeotypcs" » H types of skill 

solwng — all relate to this uh.o ? avai,ablI ity of hypotheses in problem 

probability learn, nVand cVcc JlT , ™ S, ‘ :r Va " abte »" «* «“ of 
critical to conflicting theoretical approlhe," Pr ° b ' em °' bCCamC 
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A second point of agreement was that there may need to be a concept 
of “second-order” or “higher-order” habits in the analysis of all forms 
of learning, and at least there is this need in a number of otherwise diverse 
kinds of learning Second order habits (some would call them concepts) 
are said to be involved m verbal operant conditioning, m the ‘selector 
mechanism” and “stimulus selection” process in rote verbal learning, in 
the cognitive sets involved in various forms of learning, and of course in 
concept learning per se and in problem solving where the criterion o 
problem solving is the concept „ , 

A third point of agreement was the need for the more e ec ive an ) 
and control of stimulus variables This is, of course, one o t e cn 
for differentiation of classical and operant or mstrumenta con ' 
it also became a major consideration in the distinction etvvee ” . ., on 
and effective stimulus in rote verbal learning, it is a major ^ impor . 
in probability learning where, according to Estes (p » , 

tant to set the X for reaction to discrete events rather 1 md f0 

events, and it is critical to the definition of “incidental S 
the results of experiments on it n0 , s0 exphe- 

A fourth point of somewhat general agreeme , ® . p roccss « 

itly considered, was the need for the concept o as ‘second- 

Such mediators may, of course, be lo-and «r- 

order habits or concepts, but there was freq first-order habits 

tamly no aversion to — the employment of me ia first-order 

that mediated the stimulus and response relationship of 
Ambits thc processes and 

If, as seems to be the case, further * csea ^\ . j s us to a taxonom) 
phenomena of the traditional categories of Iearni » a{ , rccm cnt should bc- 
m terms of process dimensions, these four pom s - 
come involved in the resultant dimensional tax j 

Conclusion ^ |he 

Perhaps the first and most valid eonclusion ^n ^ jure t0 t<e in- 
taxonomy of human learning is that any ^ num ber of other p) 
conclusive Twenty-five jears ago I sharcd lhc doclopmcrt o 
chologtsts a concern about thc slow P ro S ,mpro\emcnt * 

taxonomy that would be an effective gut _ uc h needed to be 
understanding of learning I concluded .ha. m , c h. he 

More more .han a rough sketch of a *» taxonom) tn , , 

(Mellon, 1941) In spite of vigorous .hcore'i hoia ,„bv Be. 

“ this interim period, the same conclusion scent 


there 


are some differences 
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From all that has been said in this volume it should be clear that the 
traditional, primitive, categories of human learning which serve as chapter 
titles have little usefulness in the scientific analysis of human learning, even 
though they may still serve a useful purpose in the technology of human 
learning Empirical work and the limited theories during this period have 
made it amply clear that the most useful set of prime categories in any con- 
temporary taxonomy is the rather large set, and steadily increasing set, of 
subcategones of those primitive major categories This set of new, opera- 
tionally narrower categones would, for example, include the subcategones 
of classical and operant conditioning, the subcategones of rote verbal 
learning, etc 

This new operational taxonomy would have several advantages It would 
reflect the way psjchologists are going about the development of a better 
understanding of the whole range of human learning, both in the labora- 
tory and in theory It would avoid the implication of similarity in different 
categones of learning, when in fact the dissimilarities— process-wise and 
phenomenon wise— are much more striking than the similarities In short, 
, reduce lhe probability that ps>chologists or the users of psycho- 

logical knowledge about human learning would be tricked by names But 
perhaps the most important consequences of this radical pluralistic taxon- 
om> would be to encourage the movement of thought and research in the 
onomy n ° & rcintegratlon of the categories in a new', less pluralistic tax- 

fi t V,* n '^ 1C ^ t * us * atler e ff ect might be realized are many In the 
re?o?nn^ r 11011 ° f the 0,d categ0r y should facilitate the 

2' " FCX f S S T llarU,es among kinds of feeing heretofore 

subcatc Cories Of ^ ^ ° f dlfferent cate gones of learning, for example, 
concept learning W h tTi ?° W thou £ kt of as instrumental conditioning, 
havmc important ” fe^'og would be more readily recognized as 
'•ng important, even dominating, process characteristics m common It 


would, in short. 


the field of h„™° U . meraCt lhe exlrcmc specialization of research within 
learning t 7^ haS rcsuUed » “specialists” in skill 

tionmif etc ,n ^’ c ass,cal conditioning, in instrumental condi- 

sourcc of exr«nmenril Ct " Cr ^ rca5lzcd ' and process similarities became the 

E or y ,hat bndSed 012 0,d atc - 

,ncrK, « m v.hal Underwood (p «) '‘° U ' d SUrCl> ' ^ ^ A 

it mav be predicted «,♦», ™ ri ’ cal s transition experiments And 

penments will increase the" * e *If C lhat to perform transition cx- 

U,ch « 3,1. m ,t l" U , mbCr o[ dlfIcre "‘ '=■"«*, of learn, ng w,.h 
development of a dimcnsional°?n'n amI >. !UCh Mtcm P ts "' UI encourage die 
pproach, i c , a continuum approach, to 
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the process variables that are involved in learning tasks that are today con 
sidered different ’ because of different category memberships 
The technique of adopting again a radical pluralistic taxonomy as a 
means of encouraging the recognition of new and more un amen ^a ) 

of ordering our knowledge about human learning may ’no e 

effective way to achieve this effect But it is essentia a so 
found to do so An improx ed taxonomy and an improve un on 

of the entire range of human learning requires a muc g^a vamtl0 ri in 
the determination of the effects of similar processes—an con 

the characteristics of such similar processes in ot erv, ’‘ emphasis 
texts of other variables This does not necessarily of j e am 

should be placed on the exploration of the process c tQ be hope( j 

mg m relatively homogeneous contexts of other i ea rmng will h nd 

that both approaches to an understanding of 
adequate and increasing support and encouragement 
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Information concepts 
coding 

in intentional versus incidental learn 
mg, 203-206 

in short term memory, 146 149, 
207-208 

in skill learning, 248 
in verbal learning, 59-60 
information processing 
m short term memory, 147, 149-150 
m skill learning, 248, 256-259, 262- 
265, 270-276 
Instructions 
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m incidental learning, 187 
versus intentional learning, 146, 185- 
186, 190-191, 203-206 
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Instrumental conditioning (see Condition 
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as category of human learning 84 
verbal learning and 86-87 
Intentional learning 

versus incidental learning (see Inciden 
tal learning) 

Interference 

and selector mechanism, 58 62 
and short term forgetting, 158-162, 
207-208 

from second order habits, 60-62 
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specific, from letter association habits 
. 37-59 
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ln Probabil,ty learning 106 

"frdge of results (see Control system 
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continmty m, 47-18, 50, 80-81 

Oms t,0ried ’ 27 - 28 * 4CM3 
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''-stage process, 57 


competition in, 232 
curves (see Learning curves) 
definition of, 32-33 
forms of, and their interrelationships 
27-28, 47-51, 79-83, 231-232, 
243 311-314,325-339 
transfer of, (see Pre-expenmental 
habits) 

(See also Concept learning Condition 
ing Discrimination learning In 
cidental learning Probability 
learning. Problem solving Rote 
verbal learning. Skill learning) 
Learning curves 

in probability learning, 91-99 
and asymptotic probability matching 
91-99 

and recency curves, 98-99 
group versus individual, 91-93 
in skill learning 265-268 
and asymptote of, 268 279-280 
and continued gradual improvement, 
265-268 279-280 
and plateau of, 265, 268 
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Meaning 

and concepts as cues, 229-230 
Meaningful ness 

and concepts as words, 238 
and incidental learning 191—192 
in free recall, 176-178 
Mediation 

in category clustering, 179-180 
in concept utilization, 219, 229-230 
in skill learning, 262-265 268-276 
m verbal learning, 68-73 
stimulus definition and, 216-217, 230- 
231 _ 

Memory (see Short term memory. For 
getting, short term Retention) 
Memory span 147-153 
and forgetting 152-162 
and immediate retention capacity, 14/ 
152 

immediate, 147-150 
definition of 147 
distinction from free recall, 148 
functional unit of, 149-130 
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in testing trace hypothesis 152—153 
measurement methods 147-149 
information concepts in, 147, 149-150 
running 150—152 
and known length span, 151 
and proactive inhibition, 151-152 
initial span, 150 
terminal span, 150-152 
Memory trace 

in long and short term memory, 152, 
172-173, 206-207 
in probability learning, 132-134 
(See also Trace hypothesis) 
Methodological issues 
task abandonment, 55, 104 
task comparability, basis for taxonomy, 
50. 79-83 
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77, 82, 233 
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computer simulation, 223-225, 240 
mathematical, 225-226, 240 
Piaget s logical, 222-223 240 
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in probability learning 
S-R. 100-107 

(See also Stimulus sampling theory) 
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adaptive system, 250-251 
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control system 249-250 
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(analog), 252-261 
sequential statistical decision 276 
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Motivational learning 
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Motor learning 
in verbal learning 53 60 
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Operant conditioning 

and concept learning, 220-221 
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Operational definitions 
as basis for taxonomy of learning, 32- 
34 
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of incidental and intentional learning, 
185-186 

of reinforcement, 33 
of reward and punishment, 9 
Orientation reactions 
and attention, 230 

and stimulus definition problem, 216 
in classical conditioning 3-5 
Orienting tasks 

in incidental learning 188-190 
Overshooting 
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Paired associate learning 

and probability learning, 101, 119-120 
method in verbal learning 56-73 
Pavlovian A conditioning 

as subclass of classical conditioning. 

3- 4 

classified as “conditioning employing a 
positive reinforcer,” 38 
m human learning, 24 
Pavlovian B conditioning 
as subclass of classical conditioning 

4- 5 

classified as “conditioning employing a 
negative remforcer,” 38 
in human learning, 25 
Perceptual processes (see Discrimination) 
Perceptual-motor learning (see Skill 
learning) 

Performance 

and learning, distinction, 67-68, 327— 
328 

generalizability of in problem solving 
299-301 

Prc-expenmental habits 
and difficulty in assessing commonality 
of behavioral laws, 82-83 
and recency curves, m probability 
learning, 98, 135 
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60-62 

implications of, 52-53 
taxonomic implications of, 336-337 
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m short term forgetting 158-162, 207- 
208 
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129- 144 
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control of stimulus in 99 
effects of reinforcement on, 100-106, 

130- 134 
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interpretations of, 99-123 
as complex learning process, 121- 
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S R formulations 100-119 
learning curves m, 91-99 
methodology, 90-93 
noncontmgent case, 89, 94-99 
conditional schedule, 132-134 
frequency schedule 132-134 
role of memory traces in, 132-134 
role of trial spacing m, 106 
sequential dependencies in 97-99, 134- 
136 


(See also Probability matching) 
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and overshooting 94-96 
and reinforcement schedules 130-134 
defined 91 

in noncontingent case, 94-96 
problems of interpretation 96-97 
Problemsolving 293-316 
and concept learning 311 
and skill learning 280-28 1 
and transfer of training 311-313 
as distinguished from other forms of 
learning, 310-311 
dependent variables in, 294-301 
description of, 310 
generahzability of performance in, 
299-301 

independent variables in 301-308 
instructions 303-30S 
stimulus situation 301-303 
individual differences in, 309-310 
methodology of 315-316 
pre experimental habits m 293 307- 
310 

relation of learning to 293-294. 318- 
323 
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as applied to memory span 148 
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in probability learning 100-106 130- 
134 

amount of and resistance to extmc 
tion 106 

and nonreinforcement ( blank 
trials) 104-106 

partial and resistance to extinction 
107 
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130-134 
law of effect 40 

versus information giving function 
(contiguity) 101 104 118-119 
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Representational responses 
in intentional versus incidental learn 
ing 203-206 

in short term memory 207-208 
(Sec also Information processes 
coding) 

Resistance to extinct on 
and number of reinforcements 106 
and partial reinforcement 107 
Response 

class ficat on of concepts as 230-231 
def nition as problem in class fication 
attempts 14-21 
in class cal conditioning 14-19 
m instrumental conditioning 19-21 
Response learn ng 57-65 84 86 176- 
178 262 

and associative learning m free recall 
176-178 

and second order habits 60 62 
and specif c interference 57 59 
as category of human learning 84 
verbal learning and 86 
as stage of learn ng 57 
coding in 59-60 
in skill learning 262 
motor involvement in 60 
s milaniy and 
Response measures 
in problem solving 294-301 
criterion performance 298-301 
rate of attainment 295 298 
1 mitat ons of 75-77 
Retention 

ami concept learning 228 


(See also Forgetting) 

Retroactive inhibition 
m incidental learning 193 
in short term forgetting 158-162 207- 
208 

Reward training 

as subclass of instrumental condition 
mg 9 

in human learning 25 
secondary 9 10 
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and classical conditioning 26 58-59 

85 

and instrumental learning 86-87 

and motivational learnmg 84-85 

and motor learning 53 60 

and probability learning 62 

and short term memory 145 

and skill learning 262-265 

attitudes toward 5 1-52 

backward associations in 73 

centrality of 52 83-87 

coding processes in 59-60 66-68 85- 

86 

interference factors m 57-59 60-62 
70-73 

mediation m 68 73 
methodology of 53 56 
pre-expenmental habits in 52-53 57- 
62 66-68 

similarity and 62-65 70-73 
and concept learning 62-65 
and generalization 70-73 
stages of learning in 57-73 
associative learning 65-73 86 176- 
178 

response learning 57 65 84 86 
176-178 

stimulus control in 54 55 
stimulus selection in 66-68 85-86 

S 

Secondary reinforcement (see Reinforce 
ment) 

Second order habits 
and interference in verbal learning 52 
60-62 

and probability learning 62 
taxonomic implications of 337 
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turning, 39 

m human learning, 25 
Sequential dependencies 
and free recall, in short term memory, 
181-182 

and serial order in recall, in incidental 
learning, 192 

in probability learning, 97-99, 1 34 — 
136 

definition, 134 
recency effects, 98, 134-135 
Serial learning 

as method in verbal learning 54-55 
stimulus definition problem in, 55 
with syntactical ordering of units, 55- 
56 

Serial recall 

and free recall, 183-184 
as method in short term memory, 174— 
175, 182-183 
Set 

cognitive, in skill learning, 268-276 
and redundancy, 273-276 
and S-R compatability, 270-271 
and subset familiarity, 271-273 
to learn, in incidental learning, 185— 
186 

Short term memory, 145-184, 206-208 
and incidental learning, 145-146, 184, 
207-208 

and long term memory, 152, 172-173, 
206-207 

and rote verbal learning, 145 
and stimulus trace, 145, 152-158, 172- 
174, 206-208 

opacity for, m skill learning, 253, 278- 
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coding in, 146, 149, 207-208 
experimental arrangements. 145 
method of free recall in, 174-184 
method of memory span in, 147-153 
Pre-Mpenmental habits in, 145-146, 
149, 174-184 
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gamzation, 174-184 
capacity, 147-152 
mechanisms of forgetting 152 174 
(See also Forgetting, short term) 
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and generalization, 70-72 
in verbal learning, 62-65, 70-73 
Skill learning 243-292 
and discrimination processes, 253, 277- 
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and problem solving 280-281 
and short term memory, 253, 277-279 
and verbal learning, 262-265 
continued improvement in, 265-268 
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and information processing, 256-259 
and intrinsic periodicities, 253-254 
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elements of, 245-246 
feedback in. 249-250. 280 
information concepts in 248, 256-259, 
262-265, 270-276 
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268-276 
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and task coherence, 268-269 
mediation in, 262-265, 268-276 
models of, 247-260 
phases in, 261-268 
and typical learning curves, 265-268 
associative learning, 262-265 
response learning, 262 
pre-expenmenta! habits in, 259-»60. 
271-273 

task dimensions 246-247 ^ ^ 

transfer functions in, 249-250 28-, 
286-291 

unique aspects of, 281-282 
Stimulus, control of 

in classification attempts. 14. 337 
in incidental versus intentional learn- 
ing 145-146 
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in probability learning, 99 
m problem solving 301-303 , 

in verbal learning, 54, 55 

and stimulus selection, 66-68, 85-86 
Stimulus definition of 
conceptual approach, 60-66, 229-230, 

- 268-276 301-303 
in physical terms 21S 
mediational approach, 216-217, 230- 
231 
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model, 215-217 
Stimulus learning 
as category of human learning 84 
verbal learning and, 85-86 
Stimulus sampling theory, 107-121, 129- 
144, 276 

advantages of, 140-Ul 
disadvantages of, 141-142 
linear model, 109-110, 116-119, 129 
special case of, II 8-1 19 
pattern model, 108-121, 129-144 
applied to probability learning data 
110-119 

assumptions of, 108-109 
Stimulus selection 
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learning. 67-68 
(See also Stimulus, control of) 

Storage load 
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Taxonomy of human learning 
needs for. 325-328 
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changes in, 330-332 
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validity of, 332-336 
(See also. Learning, forms of, Meth 
odological issues. Operational 
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Trace hypothesis 
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(See also Forgetting, short terra, Mem 
ory trace) 

Transfer function (see Control system 
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Transfer of learning 
in problem solving, 3 1 1-313 
(See also Pre -experimental habits) 
Transition experiments 
basis for, between verbal learning and 
classical conditioning 58-59, 
335 

for evaluating commonality of forms 
of learning. 49 

Two-stage process of learning 57-73 
associative learning, 65-73, 86, 176- 
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response learning, 57-65, 84, 86, 176- 
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V 

Verbal discrimination learning 
method in verbal learning, 56 
relation to paired associate learning, 56 
relative superiority of, 1 
Verbal learning (see Rote verbal learn 
mg) 

Verbal reports 
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in intentional versus incidental learn 
mg 185-186 
Verbalization 

and concept learning 220-221, 237- 
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